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PREFACE. 


The  remarkable  advance  in  the  Science  of  Mineralogy,  during  the  years 
that  have  elapsed  since  this  Text- Book  was  first  issued  in  IS??,  has  made  it 
necessary,  in  the  preparation  of  a  new  edUion,  to  rewrite  the  whole  as  well  as 
to  add  much  new  matter  and  many  pew  illustrations. 

The  work  being  designed  chiefly  to  meet^  th$  wants  of  class  or  private 
instruction,  this  object  has  ai^n^  Setermined  the  choice  of  topics  discussed, 
the  order  and  fullness  of  treatihent  and  the  method  of  presentation. 

In  the  chapter  on  Crystallography,  the  different  types  of  crystal  forms  are 
described  under  the  now  accepted  thirty -two  groups  classed  according  to  their 
symmetry.  The  names. given  to  these  groups  are  oased,  so  far  as  possible, 
upon  the  characteristic  :forn>  of  each,  and  are  intended  also  to  suggest  the 
terms  formerly  applied  in  ;&ceoi*dance  with  tho  p<*iTic>ples  of  hemihedrism. 
The  order  adopted  is  that  which  abne  seems  ,suited  to  the  demands  of  the 
elementary  student,  the  special /and  maUie.n:aticaUy  simple  groups  of  the 
isometric  system  being  described  first.  Espeoid  prominence  is  given  to  the 
''normal  group''  under  the  successive  systems,  that  is,  to  the  group  which  is 
relatively  of  most  common  occurrence  and  which  shows  the  highest  degree  of 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  of  the 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Physical  and  Chemical  Mineralogy,  the  plan  of  the 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary  prin- 
ciples of  the  science  upon  which  the  mineral  characters  depend ;  this  is  par- 
ticularly true  in  the  department  of  Optics.  The  effort  has  been  made  to  give 
the  student  the  means  of  becoming  practically  familiar  with  all  the  modern 
methods  of  investigation  now  commonly  applied.  Especial  attention  is, 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  micro- 
scope. Further,  frequent  references  are  introduced  to  important  papers  on 
the  different  subjects  discussed,  in  order  to  direct  the  student's  attention  to 
the  original  literature. 

The  Descrip£ive  part  of  the  volume  is  essentially  an  abridgment  of  the 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1892). 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referred  for 
fuller  deacriptions  of  the  crystallographic  and  optical  properties  of  species,  for 
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analyses,  lists  of  localities,  etc. ;  also  for  the  authorities  for  data  here  quoted. 
In  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  yarious  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  **  Biff./'  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters,  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  localities  of  minerals,  which  appeared  as  an  Appen- 
dix in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  unnecessary  since  it  is  accessible  to  all  interested  not  only  in  the 
System  of  Mineralogy  but  also  in  separate  form.  A  full  topical  Index  has 
been  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  voJuYne.  to  well-known  works  of  other 
authors — particularly  to  those,  oi'  Groth^-kud-.^cysenbusch — are  too  obvious  to 
require  special  nieutiom  /jJI^e-uu^lrar  mXi&t/ Wwever,  express  his  gratitude 
to  his  colleague,  ProL^LllV/^rssou,  who  ha^'  given  him  material  aid  in  the 
part  of  the  work  dealing  Wltli  the  optical  properties  of  minerals  as  examined 
under  the  microscope.    He  is  also  indebted  to  Prof.  S.  L.  Penfield  of  New 

suggestions.  •  ^  •••  .  ^  -..,;,' 

New  Haven,  Conn.,  'Am^.'t,  18&8. 
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INTRODUCTION 


1.  The  science  of  Minebalogt  treats  of  those  inor^nic  species  called 
minerals f  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  Mineral. — A  Mineral  is  a  body  produced  by  the  processes 
of  inorganic  tiature,  having  a  definite  chemical  composition  and,  if  formed 
under  favorable  conditions,  a  certain  characteristic  molecular  structure  which 
is  exhibited  in  its  crystalline  form  and  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  al],  a  mineral  must  be  a  homogeneous  substance,  even  when 
minutely  examined  by  the  microscope;  further,  it  must  have  a  definite 
chemical  composition,  capable  of  being  expressed  by  a  chemical  formula. 
Tlius,  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different 
substances,  each  having  characters  of  its  own.  Again,  obsidian,  or  volcanic 
glass,  though  it  may  be  essentially  homogeneous,  has  not  a  definite  composition 
corresponding  to  a  specific  chemical  formula,  and  is  hence  classed  as  a  rock, 
not  as  a  mineral  species.  Furtlier,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology,  because  it  has  been  shown  that  they  are  only  local  forms  of  basalt, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  definite  molecular  structure,  unless  the 
conditions  of  formation  have  been  such  as  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
characters  and  especially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  limit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compounds  made  in  the  laboratory  or  the  smelting-furnace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been 
produced  through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  tlie  bamboo, 
etc.  Finally,  mineral  species  are,  as  a  rule,  limited  to  solid  substances ;  the 
only  liquids  included  being  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  tne  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mineral  Kingdom. 
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3.  Scope  of  Mineralogy. — In  the  following  pages,  the  general  subject  of 
Mineralogy  is  treated  under  the  following  heads: 

(1)  Orystallography. — This  comprises  a  discussion  of  crystals  in  general 
and  especially  of  the  crystalline  forms  of  mineral  species. 

(2)  Physical  Mineralogy, — This  includes  a  discussion  of  the  physical 
characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity, 
density,  light,  heat,  electricity,  and  so  on. 

(3)  Chemical  Mitieralogy. — Under  this  head  are  presented  briefly  the  gen- 
eral principles  of  chemistry  as  applied  to  mineral  species;  their  characters  as 
chemical  compounds  are  described,  also  the  methods  of  investigating  them 
from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4)  Descriptive  Mineralogy. — This  includes  the  classification  of  minerals 
and  the  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  allied  species,  as  regards  crystalline  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature. — Reference  is  made  to  the  Introduction  to  the  Sixth  Edition 
of  Dana's  System  of  Mineralogy,  pp.  xlv-lxi,  for  an  extended  list  of  inde- 
pendeut  works  on  Mineralogy  up  to  1892;  the  names  are  also  given  of  the 
many  scientific  periodicals  whicn  contain  original  memoirs  on  miueralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works,  mostly 
of  a  general  character,  are  given  here.  Further  references  to  the  literature 
of  Mineralogy  are  introduced  through  the  first  half  of  this  work,  particularly 
at  the  end  of  the  sections  dealing  with  special  subjects. 

CryiUillograpJty  and  Physical  Mineralogy. 

Early  works*  include  those  of  Rome  de  I'lsle,  1772;  HaUy,  1822;  NeumaDn,  Kiy- 
•tallonomie,  1828,  and  Krystallographic.  1825.  Euplfer,  1825;  Grassmaun.  Krystullotiomfe, 
1829;  NaumRiin,  1829  and  later;  Queustedt.  1846  (nlso  1878);  Miller,  1889  and  1863; 
Gmilich,  1856;  Kopp,  1862;  von  Lang.  1866;  Bravnis,  Eludes  Crist.,  Paris,  1866  (1849); 
Schrnuf,  1866-68;  Rose-Sadebeck.  1873. 

Recent  works  include  the  followins^: 
y^  Bauerman.     Text  Book  of  Systematic  Mineralogy,  1881. 

Ooldschmidt.  Index  der  Kryslallformen  der  Mineralien;  8  vols.,  1886-91.  j^lso 
Anwendung  der  Linearprojeclion  zum  Berechnen  der  Krystalle.  1887. 

Oroth.  Physikalisciie  Krystallographie  und  Einleitung  in  die  krystallographische 
Kenntniss  der  wichligeren  Substanzen.  1876.     3d  ed.,  1894-95. 

Klein.     Einleitung  in  die  Krystallbereolinung.  1876. 

laiebisch.     Gcometrische  Krystallographie,  1881.   Physiknlische  Krystallographie,  189L 

Mallard.     Traile  de  Cristallographiegeometiique  et  physique;  vol.  1,  1879;  vol.  2.  188*L 

Sadebeck.     Angewandte  Krystallographie  (Hose's  Krystallograpiiie,  II.  Band),  1876. 

Sohnoke.    Entwickelnng  eiiier  Theorie  der  Krystallstruktur,  1879. 

8tor7-Ma8kel3rne.     Crystallography:  the  Morphology  of  Crystals,  1895. 

Webaky.     Anwendung  der  Linearprojeclion  zum   Berechnen  der  Krystalle  (Rose's 
Eryatallographie  III.  Band).  1887. 
^^  Wiliiams.     Elements  of  Crystallography.  1S90. 

Wttlfingr.  Tabellarische  Uebersicht  der  einfachen  Formen  der  82  krystallogiaphischiiQ 
Bymmetriegruppen.  etc.,  1895. 

In  Physical  Minrralogt  the  most  important   general  works  are  thase  of  Scliranf 

g868),  Groth  (1876-1895),  Mallard  (1884),  Liebisch  il891),  mentioned  in  the  above  list;  also 
oaenbusch,  Mikr.  Physiographie,  etc.  (1892).  In  addition  to  these  (to  which  might  be 
added  the  names  of  some  general  works  on  Physics)  memoirs  of  especial  importance  on  the 
different  subjects  are  enumerated  in  many  cases  at  the  end  of  the  respective  sections  of 
this  work. 

*The  full  titles  of  many  of  these  are  given  in  pp.  li-lxi  of  Dana's  System  of  Minei^ 
1893. 
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General  Mineralogy, 

Of  the  many  works,  a  knowledge  of  which  is  needed  by  one  who  wishes  a  full  acquaint- 
ance with  the  historical  developmeDt  of  Mineralogy,  the  following  are  particularly 
important.  Very  early  works  niclude  those  of  Theophrastus,  Pliny,  Liunseus,  Wnllerius, 
Croustedt,  Werner,  Bergman n,  Elaproth. 

Within  the  nineteenth  century:  HaQy's  Treatise,  1801,  1822;  Jameson,  1816,  1820; 
Werner's  Letztes  Mineral- System,  1817;  Cleavelnnd's  Mineralogy,  1816,  1822;  Leonhard's 
Haudbuch.  1821,  1826;  Mohs's  Min..  1822;  Haidinger's  translation  of  Mohs,  1824;  Breit- 
haupt's  Charakteristik,  1820,  1823,  1882;  Beudnnt's  Treatise,  1824..  1832;  Phillips's  Min., 
1828.  1887;  Sheimrd's  Min  ,  1882-85.  and  later  editions;  von  Eobell's  QrundzQge,  1888; 
Mohss  Min.,  18^9;  Breithaupt's  Min.,  1836-1847;  HHidinger's  Hundbucli,  1845;  Naumann's 
Mill..  1846  and  later;  Hiiusmann's  Haudbuch,  1847;  Dufrenoy's  Min.,  1844-1847  (also 
1856-1859);  Brooke  &  Miller,  1852;  J.  D.  Dana's  System  of  1887,  1844,  1850,  1854,  1808. 

More  Rbcent  Works  are  the  following: 

Bauer.     Lehrbuch  der  Mineralogie,  18§6. 

Banerman.    Text- Book  of  Descnptive  Mineralogy,  1884. 

Baumhauer.    Das  Re  icli  der  Krystalle,  1889. 

Blum.     Lehrbuch  der  Mineralogie.  4th  ed.,  187:M874. 

Dana.  B.  8.  Dana's  System  of  Minemloey,  6lli  cd..  New  York,  1892.  Also  (elemen* 
lary)  Minerals  and  How  to  study  them,  New  \  ork,  1895. 

Dana.  J.  D.     Manual  of  Mineralogy  and  Petrography,  4lh  ed..  New  York,  1887. 

Des  Oloizoauz.  Manuel  de  Mineralogie;  vol.  1,  1862;  vol.  2,  ler  Fasc,  1874; 
2me.  1893. 

O*oth.  Tabellarische-  Uebersiclit  der  Mineralien.  1874;  8d  ed.,  1889:  4th  ed.,  1898. 
Die  Miiiemlien-Samiiilunir  der  UuiversitUi  Strassburg.  1878. 

Hintze.  Haudbuch  der  Mineralogie,  vol.  2  (Silicates  and  Titanates),  Leipzig,  1889- 
1897. 

Lacroiz.     Minendogie  de  l:i  Fmiice  et  de  ses  Colonies.  2  vols.,  1893-96. 

Luedecke.     Die  Minenile  des  H.irzes.  1^96. 

Koksharov.  Mulerialen  zur  31iiiernlogie  Uusslands,  St.  Petcreburg;  vol.  1.  1853-54; 
Tol.  10.  1888-91. 

Kunz.     Gems  nnd  Precious  Stones  of  Norili  America.  1890. 

Schrauf.     Atlas  der  Krystall-Fornieii  <k's  Minemlre  dies.  'Ito,  vol.  1,  A-C,  1865-1877. 

Tschermak.     Lehrbuch  der  Mineralogie,  1884;  5th  ed.,  1897. 

Woisbach.     Synopsis  Minenilogica.  systeniatisciie  Uebers  clit  des  Mineral leichcs,  1875. 

Zirkel.     13th  edition  of  Naumann's  Mineraloii:} .  Leipzig,  1897. 

Wiilfing.  Die  Meieoriten  in  Sauimlungen,  etc..  1897  (earlier  works  on  related  subjects. 
aee  Dana's  System,  p.  32). 

For  a  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
(51  pp.)  reprinted  from  Dana's  System.  6th  ed.  See  also  the  volumes  on  the  Miiie»al  Re- 
sources of  the  United  States  published  (since  1882)  under  the  auspices  of  the  U.  S.  Geo- 
logical Survey. 

Cliemieal  and  Determinative  Mneralogy, 

Biichoff.  Lehrbuch  der  chemischcn  und  physikalischen  Geologic,  1847-54;  2d  ed., 
1863-66.     (Also  an  English  edition.) 

Blnm.     Die  Psendomorphosen  des  Minemlreiolis,  1848.     W^th  4  Narhtrfigc,  1847-1879. 

Bixuih.  Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blowpipe 
Analysis;  New  York.  1875:  3d  ed.,  1878.     Also  new  edition  by  Fenfield,  1896. 

Doelter.    Allgemeire  chemische  Mineralogie.  Leipzig.  1890. 

Bndlich.     Manual  of  Qualitative  Blowpipe  Analysis,  New  York.  1892. 

Kobell,  P.  von.  Tafeln  zur  Bestimmung  der  Mineralien  niitteisl  einfacher  chemischer 
VcTsuche  auf  trockenem  und  nassem  Wege,  lite  Autlage.  1878. 

Rammelsberg.  Handbnch  der  krystallographi.'^ch  physikalischen  Chemie.  Leipzig, 
1881-82.     Handbnch  der  Mineralchemic,  2d  ed.,  1875.    Eri:flnzung.«jheit.  1,  1886;  2.  1895. 

Roth.  Allgemeine  und  chemische  Geologic;  vol.  1,  Bilidungu.  Umbildung  der  Minera- 
lien, etc.,  1879:  2,  Petrographie.  1887-1890. 

Volger.     Stndien  zur  Entwicklungsgeschichtc  der  Mineralien,  1854. 

Wobaky.  Die  Mineral  Species  naoh  den  fHr  das  specitische  Gewicht  derselhen  nng«- 
Bommenen  und  gefundenen  Wenlien,  Breslan,  1868. 

WsialMiiOh.    Tabellen  zur  Bestimmung  der   Mineralien  nnch   fiussneii   Kennzeichea. 


I 


4  INTBODUOTION. 

8te  Auflage,  1886.    Also  founded  on  Weisbach's  work,  Frasor's  Tables  for  the  determina- 
tioQ  of  minerals,  4th  ed-  1897. 

Mieroeeopie  Examination  of  MinerdU.^ 

Oohen,  B.  Sammlung  von  Mikrophotographieea  znr  YeranschaulichuDg  der  mikro- 
skopischen  Structur  yod  Miueralieo  und  Gesteincn,  1881-82. 

Doelter.  Die  Bestimmuug  der  petrograpbiscb  wicbtlgeren  Mineralien  durcb  das 
Mikroskop.  1876. 

Fischer.     Kritiscbe  Diikroskopiscb-mineralogiscbe  Studien,  Freiburg,  1869-1878. 

Fouqu6-L6vy.    Miii6ralogie  micrograpbique»  roches  ^ruptlves  Fran^aises,  1879. 

L^vy-Lacroix.    Les  mineraux  des  rocbes,  1888. 

RosenbtiBch.  Mikroskopische  Physiogrnpbie  der  petrograpbiscb-wicbtigen  Mine- 
ralicD.  1878;  8d  ed.,  1892.  Accompuuied  by  HQlfstabellen  ziir  mikroskopiscbea  Mineral- 
bestimmuug.  1888.  Also  Englisb  ti-anslation  and  abridgment  of  tbe  above  work  by 
IddiDgs,  1888.     Mikroskopische  Physiogrnpbie  der  massigen  Gesteine,  1877;  8d  ed.,  1896. 

Thoulet.  Contributions  &  Teiude  des  propriet^s  physiques  et  chimiques  des  min6rauz 
microscopiques. 

Tschermak.    Die  mikroskopische  Beschaffenheit  der  Meteor! ten,  1888. 

2arkel.  Die  mikroskopische  Beschaffenheit  der  Miue'-alien  und  Gesteine,  1878.  Also 
Petrographie,  8  vols.,  1898-94. 

Artificial  Formation  of  Minerals, 

Onrlt.  Uebersicht  der  pyrogeneten  kUnstlichen  Mineralien,  uamentlich  der  krystal- 
lisirteu  HQttenerzeugiiisse,  1857. 

Fucha.     Die  kUu.stlich  dargestelUen  Minenilien,  1872. 
Daabr6e.     Etudes  syutbelique  de  Q6olo^ie  exp^rimentiile,  Paris,  1879. 
Fonqui  and  M.  Levy.     Synthase  des  Mineraux  et  des  Roches,  1882. 
Bourgeois.     Reproduction  artiflcielle  des  MinSmux.  1881. 
Meunier.    Les  m^thodes  de  synthase  en  Miueralogie. 

Hineralogieal  Journals. 

Tbe  following  Journals  are  largely  devoted  to  original  papers  on  Mineralogy: 

Bull.  Soc.  fuSn,    Bulletin  de  lu  Societe  Franvaise^de  Mineralogie,  vol.  1, 1878:  20, 1897. 

Jb.  Min.   Neues  Jubrbuch  fQr  Mineralogie,  Geologie  uiid  Pnlseontologie,  etc.,  from  1888. 

Min.  Mag.  The  Mineral ogicul  Magazine  and  Journal  of  the  Mineralogical  Society  of 
Gt.  Britain,  vol.  1,  1876:  11.  1896-97. 

Bftin.  petr.  Mitth.  Miiieralogichc  und  petrograpbiscbe  Mittheilungen,  vol.  1,  1878; 
17,  1897.  Earlier,  from  1871,  Mineralogischc  Mittheilungen  gesammelt  vonG.  Tschermak. 

Za.  Kryat.  Zeitschrift  fUr  Krystallogi-aphie  und  Mineralogie.  Edited  by  P.  Grotb. 
vol.  1,  1877;  28,  1897. 


Abbreviations. 


pi.      Plane  of  the  optic  axes. 
Bxa.  Acute  bisectrix  (p.  208). 
Oljtuse  hi*<ecirix  (p.  208). 
B.B.  Before  the  Blowpipe  (p.  266). 

Oomp.       Composition. 
Di£f.  Differences,   or  distinctive  char- 

acters. 
O.  Specitic  Gravity. 

The    sign  a  is    used    to   indicate    the 
am  (100  A  110)  =  44"  80'. 


H.  Hardness. 

Obs.  Observations  on  occurrence,  etc. 

O.P.  Oxidizing  Flame  (p.  257). 

Pyr.  Pyrogiio.siics    or    blowpipe  and 

allied  characters. 
O.  Ratio.  Oxygen  Ratio  (p.  249). 
R.P.  lieducing  Flame  (p.  257), 

Var.  Varieties. 

angle    between    two    faces    of  a  crystal,    as 


*  See  tbe  bibliography  given  by  Rosenbuscb. 
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GENERAL  MORPHOEOaXQAK: BjEL ATIONS  OF 

'GRYSTALS.'- -*■•.■••■- 

6.  Crystallography. — The  subject  of  Crystallography  includes  the  descrip- 
tion of  the  characters  of  crystals  in  general;  of  the^^j/r&vious  forms  of  crystals 
and  their  division  into  groups  and  systems;  of  the  nieikods  of  studying  crystals, 
including  the  determination  of  the  mathematical-reTatious  of  their  faces,  and 
the  measurement  of  the  angles  between  them;.fiii6ft[)y,*a  description  of  com- 
pound or  twin  crystals,  of  ii  regularities  in  ccysUbJ.  of  crystalline  aggregates, 
and  of  pseudomorphons  crystals.        /  '  '  ",        ^ 

Allied  to  Crystallography  is  the  subject  of  Crystallo^eny,  which  describes 
the  methods  of  making  crystals  which  may  bo  applied  in  tne  laboratory,  and 
discusses  the  theories  oi  their  origin  in  nature.  This  department  is  only  briefly 
touched  upon  in  the  present  work. 

6.  Definition  of  a  CrystaL— -4  crystal^  is  the  regular  polyhedral  form^ 
hounded  by  smooth  surfaces y  which  is  assumed  by  a  chemical  compound,  under 
the  action  of  its  intermolecular  forces^  when  passing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  that  of  a  solid. 

As  expressea  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  normal  form  of  a  mineral  species,  as  of  all  solid  chemical  com- 
pounds ;  but  the  conditions  suitable  for  the  formation  of  a  crystal  of  ideal 
ferfcction  in  symmetry  of  form  and  smoothness  of  surface  are  never  realized. 
'urther,  many  species  usually  occur  not  in  distinct  crystals,  but  in  massive  form, 
and  in  some  exceptional  cases  the  definite  molecular  structure  is  absent. 

7.  Molecular  Structure  in  OeneraL — By  definite  molecular  structure  is  meant 
the  special  arrangement  which  the  physical  units,  called  moIecules,\  assume 
under  the  action  of  the  forces  exerted  between  them  during  the  formation  of 
the  solid.     Some  remarks  are  given  in  a  later  article  (p.  18  et  seq.)  in  regard  to 

*  In  its  ori|i^iDa1  signification  the  term  crystal  was  applied  only  to  crystals  of  quartz, 
wbich  the  ancient  philosophers  believed  to  be  toatej'  congealed  by  intense  cold.  Hence  the 
term,  from  tCfjvaraXXo^^  tee, 

f  The  relation  between  atoms,  chemical  molecules,  and  physical  molecules  is  explained 
under  the  chapter  on  Chemical  Mineralogy.  The  molecules  here  spoken  of  are  the  physical 
molecules. 
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the  kinds  of  molecular  arrangement  theoretically  possible,  and  their  relation  to 
the  symmetry  of  the  different  groups  and  systems  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  important,  in 
which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  directions 
in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,*  as  of 
elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the  cleavage, 
or  natural  tendency  to  fracture  in  certain  directions,  yielding  more  or  less 
smooth  surfaces;  as  the  cubic  cleavage  of  galena,  or  the  rhombonedral  cleavage 
of  calcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from  a  large  one 
only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a  crystal  in  all 
its  physical  relations,  though  showing  no  crystalline  faces.  ^' 

Further,  the  external  form  without  the  corres|K)nding  molecular  structure 
does  not  make  a  solid  a  crystaL  '  A  i^iodd'of  glass  or  wood,  on  the  one  hand, 
is  not  a  crystal,  though  havin^-fts:  extenml-foirn,  because  there  is  no  relation 
between  form  and  structUrti[..\  Aist),.ap  o<3ii»bedrop  of  malachite,  having  the 
form  of  the  crystal  of/(MjJ/rtt6-fr6m  wlifch  k  1^^^^  been  derived  by  chemical 
alteration,  is  not  a  crystal  of  m'alachite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  >  A  cleavage  octahedron  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are^'nctt  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  a'utl/r»t.by  the  natural  molecnluV  growth  of  the  crystal. 

8.  Crystalline  and*  Altiorphous. — When  a  mineir.l  shows  no  external  crystal- 
line form,  it  is  said  to  be.Ywy^i^iVe.  It  may,  b<iwevei-,  have  a  definite  molecular 
stnicture,  and  then  it  ic*eqi/t4j^  b§  crystallinb,'  li'f.this  structure,  as  shown  by 
the  cleavage,  or  by  optical  Di^rfs,is  fhe'etwiije  in  fill  parallel  directions  througli 
the  mass,  it  is  described  as  Vsihgl;e  individual.-  If  it  varies  from  grain  to  grain, 
or  fiber  to  fiber,  it  is  said  to  Me^v^  crystalline  aggregafe,\  since  it  is  in  fact  made 
up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom- 
bohedral,  cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evident 
from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statuary 
marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the  crystalline 
structure  can  only  be  resolved  by  optical  methods  with  the  aid  of  the  microscope. 
In  all  these  cases,  the  structure  is  said  to  be  crj/sfalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
however,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto* 
crystalline  ;  this  is  true  of  some  massive  varieties  of  quartz. 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  aworpho^is.  This  is 
true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  frltlspar  which  hus  been  fused  and  cooled  su«lden'y  may  be  in  the  glass-like 
amorphous  condiiion  tus  regards  absence  of  detiuile  molecuhir  .slructure.     IJut  even  in  such 


*  This  subject  is  further  ehicidaled  in  the  chapter  devoted  to  Physical  Mineralogy,  where 
it  is  alsr)  shown  tiiat,  with  res{>ect  to  many,  but  not  all,  of  the  physical  charactei*8,  the 
converse  of  this  pro|X)sition  is  true,  viz  ,  that  unlike  directions  in^  a  crystal  have  in  gen- 
eral unlike  pn>|>(*rties. 

t  The  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  tli^ 
end  of  the  present  chapter. 


GBNB&AL  MORPHOLOGICAL   BBLATtOKS  OF  CRYSTALS.  7 

cuea  there  b  k  tcDdencT  to  go  over  Into  the  cryaUlline  coadltioD  by  molecular  re&mDge- 
mcDL  A  irMspareol  amorphoua  masi  ol  Msenic  trioilde  (As,0,).  fonneif  by  fusion, 
become  opnqu«  and  cryrtBliine  «fler  a  lime.  Similarly  ihe  i-leul  Ik-hhib  of  a  railroad  bridge 
may  cTaduftUy  become  ery»Ulllae  and  thus  liiie  some  of  tlieir  original  slrengiL  bi-caii&e  or 
Ihe  molecular  rearrangement  made  possible  by  ibe  vibralious  csustd  by  ibe  frequuDt  Jar  o( 
pasting  Iralna.  Tlie  microscopic  sludy  of  rocks  reveals  many  casta  to  wbicb  au  analogous 
change  in  molecular  structure  has  lakeu  place  in  a  wlid  muss,  us  caused,  for  example,  by 
great  pressure. 

9.  External  PoniL— A  crystal  is  bounded  by  Bmooth  plane  aurfacea,  called 
faces  or  planea,*  Bhowina  in  their  arrangement  a  certain  cliaracteristic  Bjm- 
metry,  and  related  to  eacn  other  by  definite  mathematical  laws. 

Thus,  without  inqniring,  at  the  moment,  into. the  exact  meaning  of  the 
term  symmetry  as  applied  to  orystala,  and  the  kinds  of  symmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  accompanyipg 
fipircB,  1-3,  show  the  external  forni'  apoke'n  of.  They  represent,  therefore, 
certain  definite  typea.  '..■,■  -    > 


ChrTsolIte. 


f^\b, 


10.  Variation  of  Form  and  BnifEice.— Actual  crystals  deviate,  within  certwn 
limits,  from  the  ideal  forms. 

First,  there  may  be  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  distorted  forma.  In  the  second  place,  the  faces  are  rarely 
absolutely  smooth  and  brilliant;  commonly  thej'  lack  perfect  polish,  and  they 
may  eren  be  rough  or  more  or  less  covered  with  fine  parallel  lines  (called 
■tnatioos),  or  snow  minute  elevations,  depressions  or  other 
pecaliarities.  Both  the  above  subjects  are  discussed  in  detail  in 
another  place. 

It  may  be  noted  in  passing  that  the  characters  of  natural 
faces,  just  alluded  to,  in  general  make  it  easy  to  diBtingnisb 
between  them  and  a  face  artificially  ground,  on  the  one  hand, 
like  the  facet  of  a  cnt  gem;  or,  on  the  other  hand,  the  splintery 
uneven  surface  yielded  by  cleavage. 

11.  Constancy  of  Angle  in  the  Same  Speoiei. — The  crystals 
of  any  species  are  essentially  constant  in  the  angle  of  inclination 
between  like  faces,  wherever  they  are  found,  and  whether  prod- 
acts  of  nstare  or  of  the  laboratory.  These  angles,  therefore, 
form  one  of  the  distingnishing  characters  of  a  species.  Apatite. 

Thns,  in  Fig.  4,  of  apatite,  the  angle  between  the  adjacent  faces  x  and 
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m  (130°  18')  is  the  same  for  any  two  like  faces,  similarly  situated  with  refer- 
ence  to  eacn  other.  Further,  this  angle  is  constant  for  the  species,  differing 
but  little  on  crystals  from  different  localities.-  Moreover,  the  angles  between 
all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  5-9  of  zircon  below) 
are  more  or  less  closely  connected  together  by  certain  definite  mathematical 
laws. 

12.  Diversity  of  Form,  or  Habit. — While  in  the  crystals  of  a  given  species 
there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals  may 
be  exceedingly  diverse.  The  accompanying  figures  (5-9)  are  examples  of  a 
few  of  the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  number 
of  faces  which  may  occur,  and  as  their  relative  size  changes,  the  habit,  as  it 
is  called,  may  vary  indefinitely.  Yet  for  the  crystals  of  each  species^  the 
angles  between  like  faces  are  essentially  constant. 
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•  / -Jprystals  otSlircon. 
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13.  Diversity  of  Size. — Crystals  occur  of  all  sizes,  from  the  merest  micro- 
scopic point  to  a  yard  or  more  in  diameter.  It  is  important  to  understand, 
however,  that  in  a  minute  crystal  the  development  is  as  complete  as  with  a 
large  one.  Indeed  the  highest  perfection  of  form  and  transparency  is  found 
only  in  crystals  of  small  size. 

A  single  crystal  of  qimrtz.  now  at  Milan,  Is  three  and  a  quarter  feet  long  and  five  and  a 
half  in  circumference,  and  its  weight  is  estimated  at  eight  hundred  and  seventy  pounda. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  fn 
1867,  alTorded  smoky  quartz  crystals  weighing  in  the  aggregate  about  20.000  pounds;  a 
considerable  number  of  the  single  crystals  havintr  a  weight  of  200  to  350  pounds,  or  even 
more.  A  gigantic  beryl  from  Acworth,  New  Hampshire,  measured  four  feet  in  length 
and  two  und  a  half  in  circumference  ;  another,  from  Gnifton,  was  over  four  feet  long,  and 
thirty-two  inches  in  one  of  its  diametei*s,  and  weighed  about  two  and  a  half  tons. 

14.  Symmetry  in  General. — The  faces  of  a  crystal  are  arranged  according 
to  certain  laws  of  symmetry,  and  this  symmetry  is  the  natural  basis  of  the 
division  of  crystals  into  groups  and  systems.  The  symmetry  may  be  defined 
relatively  to  (1)  ajflane  of  symmetriiy  (2)  an  axis  of  syinmetry,  and  (3)  a  center 
of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in  the 
same  crystal.  It  will  be  shown  later  that  there  is  one  group  the  crystals  of 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  there 
is  only  z  center  of  symmetry.  On  the  other  hand,  some  groups  have  all  these 
elements  of  symmetry  represented. 
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15.  Planes  of  Symmetry. — A  solid  is  suid  to  bo  geoinetrtcally  *  eym^.^t^icaI 
'itli  reference  to  a  plane  of  aynmieti-y  when  for  each  face,  m 

dge,  or  solid  angle  there  ia  another  siiiiiJar  face,  edge,  or 
jigle  which  hua  a  like  position  with  reference  to  this 
ilaue.  Thus  it  is  obvious  that  the  crystal  of  uiiiplitbole, 
hown  in  Fig.  10,  is  symmetrical  with  reference  to  a  central 
ilane  of  symmetry,  parallel  to  the  face  b,  passing  Terticallv  ( 
hrough  the  edge  formed  by  the  faces  r,  r  and  througli  | 
he  middle  of  the  face  it. 

In  the  ideal  crystal  this  symmetry  ia  right  iymmelry  m 
;he  geometrical  sense,  where  every  point  on  the  one  side  ol 
:he  plane  of  symmetry  has  a  corresponding  point  at  e<|uu] 
listancea  on  the  other  side,  measured  on  a  line  normal  to  it.        Ampui.iolt, 
In  other  words,  in  the  ideal  geometrical  symmetry,  one  half  of  the  cr/etal  is 
the  exact  mirror-iviage  of  the  cth^r  half-  _     , 

A  crystal  may  have  as  meny.aa  nine  pluiie^  of  Bymmetry,  three  of  o.ie  set 
md  six  of  another,  as  is  illii?tr4twl.hy.t)ie*.cln>5l,  (Fig.  U),  Here  tnn  plaiiea 
sf  the  first  set  pass  thrQU^\  ohe  crystal  pari^Hd  'to  ^he  cubic  faces;  they  are 
ihowD  in  Fig.  Vi.  The  plaiiVs  of  the  second  set  join  the  opposite  cubic  edges. 
Od  the  other  baud,  some  crystals  have  uo  plane  of  symmetry. 
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16.  Axes  of  Symmetry. — If  a  solid  can  lie  revolved  through  a  certain  num- 
ber of  degrees  about  some  line  as  an  axis,  with  the  result  that  it  again  occupies 
precisely  the  same  position  in  space  as  at  first,  it  is  said  to  have  an  axis  of 
mnmetry.  There  are  four  different  kinds  of  axes  of  symmetry  among  ci^stals; 
tney  are  defined  according  to  the  angular  revolution  needed  in  each  case,  that 
is,  DT  the  number  of  times  which  the  crystal  repeats  itself  in  a  complete 
reToIution  of  360°. 

(o)  A  crystal  is  said  to  have  an  axis  of  binary,  or  twofold,  symmetry  when 
ft  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  it 
repents  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Fig.  13  with  respect  to  the  vertical  axis  (and  indeed  each  of  the  horizontal 
axes  use). 

(A)  A  ciTstal  has  an  axis  of  trigonal,  or  threefold,  symmetry  when  a 
revolntion  of  120°  is  needed  ;  that  is,  when  it  repeats  itself  three  times  in  a 
complete  revolution.  The  vertical  axis  of  the  crystal  shown  iu  Fig.  14  is  an 
«xis  of  trigonal  symmetry. 

•  The  relation  belween  tlie  ideal  geometricHl  Byuiinclry  and  tLe  iLclual  crystal lographto 
fTmnielry  is  discussed  la  Art.  IB. 

t  Tbb  la  the  cube  of  tbe  oonnal  group  of  the  Isometric  system. 
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asis  of  tetragonal,  or  fourfold,  Bymmetry 
leTolution  of  90°  is  called  for;  iu  other  words,  when  it  repeats  itself  to 


(c)  A  crystal  has  uii   : 


vheo  a 
'oar  times 


Polfcrue. 

in  a  complete  revolntion.     Tfie-yertieal  axi^iB.«Werystal  shown  iu  Fig,  15  is 
such  an  axia.  -'.''-";"■'.  ■"'''■  •'•.'.•'.•'■ 

(d)  Finally,  a  crystal  "has '-^  "ax  is  of  hexagSnaii-^  sixfold,  symmetry  when 
a  revolution  of  60°  is  called  for;  in  other  words,  when  it' repeats  itself  Biz  times 
iti  a  complete  revolution.     This  is  illustrated  by  Fig.  16^ 

The  cube"  lllufllrales  tbree'p'f  the  four  possible  kinds  ol  ajfiiinielry  wiili  respect  lo  axes 
of  sjQimelry.  Il  haa  bIx  Sjie^uf'binnry  symmetry  ]olDiut;*rtic-iuiilJle  pointaof  cppoefte 
edges  (Fig,  17).  ll  hw  foift'.ftJe»  qf  Irigonal  ayramelry.  Joining  *lie  oppoailt  solid  angles 
(Pig,  IB).  Il  uas,  finally,  tbree>^es  of  letragoaal  symmeicy^lomiDg  lue  middle  puliits  of 
oppoailo  faces  (Fig.  IB),         *    *'   •    -  -      '-         " 
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17.  Center  of  Symmetry. — Most  crystals,  besides  planes  and  axes  of  Bym- 
metry, have  also  a  center  of  symmetry.  On  the  other  hand,  a  crystal,  though 
possessing  neither  plane  nor  axis  of  symmetry,  may  yet  bo 
symmetrical  with  reference  to  a  point,  its  center.  This  last 
is  true  of  the  triclinic  crystal  sbown  in  Fig.  20,  in  which  it 
follows  that  every  face,  edge,  and  solid  angle  has  a  face,  edge, 
and  angle  similar  to  it  in  the  opposite  half  of  the  crystal. 

Tliere  Is  auothcr  inetliod  <if  viewhig  the  Bymmetry  !□  Ibis  !a.st  case,  ,. 
which  Is  adopled  by  aome  iiuihors.     If  Ihe  cryals!  be  thought  of  as  I' 
divided  Into  two  similar  halves  by  a  ]ilane  iiarallel  to  any  one  of  Its  > 
faces,  and  one  half  be  revnlved  ISO*  nboiit  au  axis  normal  lo  this  face, 
this  lialf  would  be  brout;ht  into  a  posltbu  in  which  It  tvould  he  ihe 
mirriir-im»ge  of  the  remain  lug  hnlf.    This  symmetry  is  hence  li  escribed 
lis  eompouiid  tyn)rn«trv  with  rcrerence  to  uu  axis  of  binary  symmetry 
and  a  plnne  normal  to  It,  boib  taken  together.     This  method  ta  not 
followed  here  sioce,  though  btiving  certain  tbeoterical  adTnntagi'S,  it  is  likely  lo  0 
the  Student  meeting  the  piubtems  of  crystallography  (or  the  drat  time. 

*  This  Is  again  tbe  cube  of  the  normiil  group  of  the  Isoinclrlc  system. 
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18.  Relation  of  Geometrical  to  Crystallographic  Symmetry.— Since  the 
sjmmetrj  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of  the 
internal    molecular    structure,   which    in  21.  22 

general  is  alike  in  all  parallel  directions, 
the  relative  size  of  the  faces  and  their 
distance  from  the  plane  or  axis  of  sym- 
metry are  of  no  moment,  their  angular 
position  alone  is  essential.  Hence  Fig.  21 
nas  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  b)  as  Fig.  22  if  the  faces  have 
exactly  the  same  angular  position  as  in 
that,  although  the  strict  geometrical  defi- 
nition *  could  not  be  applied  to  it. 

Also  in  a  normal  cube  (Fig.  23)  the  Heulandite. 

three  central  planes  parallel  to  each  pair  of  cubic  faces  are  like  planes  of  sym- 
metry, as  stated  in  Art.  16.  But  a  crystal  is  still  crystallographically  a  cube, 
though  deviating  widely  from  the  requirements  of  the  strict  geometrical  defi- 
nition, as  shown  in  Figs.  24,  25,  if  only  it  can  be  proved,  e.g.  by  cleavage,  the 


23. 


24. 


26. 


27. 


physical  nature  of  the  faces,  or  by  optical  means,  that  the  three  pairs  of 
laces  are  like  faces,  independently  of  their  size,  or,  in  other  words,  tnat  the 
molecular  structure  is  the  same  in  the  three  directions  normal  to  them. 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
Angle  requires,  as  explained  beyond,  similar  faces  on  the  other  angles.     It  is 

tiot  necessary,  however,  that 
these  eight  faces  should  be  of 
equal  size,  for  in  the  crystal- 
lographic  sense  Fig.  26  is  as 
truly  symmetrical  with  reference 
to  the  planes  named  as  Fig.  27. 
19.  On  the  other  hand,  the 
molecular  and  hence  the  crys- 
tallographic  symmetry  is  not 
always  that  which  the  geomet- 
rical form  would  suggest.  Thus,  deferring  for  the  moment  the  consideration 
of  pseudo-symmetry,  an  illustration  of  the  fact  stated  is  afforded  by  the  cube. 

♦  It  to  to  be  noted  that  the  perepective  figures  of  crj'stnla  always  show  the  geometrically 
ideal  form,  in  which  like  faces,  edges,  and  angles  have  the  same  shape,  size,  and  position. 
In  other  words,  the  Ideal  crystal  is  uniformly  represented  as  having  the  symmetry  called 
for  by  tbe  itricl  geometrical  definition. 
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It  has  already  been  implied  and  will  be  fully  explained  later  that  while  the 
cube  of  the  normal  group  of  the  isometric  system  has  the  symmetry  described 
in  Arts.  16,  16,  a  cube  of  the  same  geometrical  form  but  belonging  molecularly, 
for  example,  to  the  tetrahedral  group,  has  no  planes  of  symmetry  ])arallel  to 
the  faces,  only  the  six  diagonal  planes  ;  further,  though  the  four  axes  shown 
in  Fig.  18  arc  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig.  19)  are 
axes  of  binary  symmetry  only,  and  there  are  no  axes  of  symmetry  correspond- 
ing to  those  represented  in  Fig.  17.  Other  more  complex  cases  will  he 
described  later. 

Further,  a  crystal  having  interfacial  angles  of  90°  is  not  necessarily  a  cube: 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  cas« 
whetlier  the  figure  is  bounded  by  six  like  faces;  or  whether  only  two  are  alike 
and  the  third  unlike;  or,  finally,  whether  there  are  three  pairs  of  unlike  faces. 
The  question  must  be  decided,  in  such  cases,  by  the  molecular  structure 
as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage,  or  by 
other  physical  characters,  as  pyro-electricity,  those  connected  with  light 
phenomena,  etc. 

Still  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  symmetry  to  which  a  crystal  belongs,  based  upon  the  distribution  of  the 
faces,  is  only  j)rcliminary  and  approximate,  and  before  being  finally  accepted 
it  must.be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a  minute 
study  of  the  physical  characters  as  just  insisted  upon. 

The  method  based  upon  the  physical  characttTS,  which  pives  most  conclusive  results 
and  admits  of  the  widest  application,  is  the  skillful  etching  of  the  surface  of  the  crystal  by 
some  appropriate  solvent.  By  this  means  there  are,  in  genenil,  produced  upon  i)  minute 
depressions  the  shape  of  which  always  conforms  to  the  symmetry  m  the  arrangement  of  the 
molecules.  This  process,  which  is  in  part  essentially  one  involving  the  dissection  of  the 
molecular  structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mineralogy. 

20.  Pseudo-symmetry. — The  crystals  of  certain  species  approximate  closely 
in  angle,  and  therefore  in  apparent  symmetry,  to  the  requirements  of  a  system 
higher  in  symmetry  tiian  that  to  which  they  actually  belong:  they  are  then 
said  to  exhibit  p,9eudo-sf/7nmefri/.  Numerous  examples  are  given  under  the 
different  systems.  Thus  the  micas  have  been  shown  to  be  truly  monoclinic 
in  crystallization,  though  in  angle  they  seem  to  be  in  some  cases  rhonibo- 
hedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  the  single  crystal.  Such  crystals  also  exhibit  pseudo-symmetry  and  are 
specifically  called  mimetic.  Thus  aragonite  is  an  example  of  an  orthorliombic 
species,  whose  crystals  often  imitate  by  twinning  those  of  the  hexagonal 
system.*  Again,  a  highly  complex  twinned  crystal  of  the  monoclinic  s|>ecies, 
phillipsite,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the 
isometric  system.  This  kind  of  pseudo-symmetry  also  occurs  among  the 
groups  of  a  single  system,  since  a  crystal  belonging  to  a  group  of  low  symmetry 
may  by  twinning  gain  the  geometrical  symmetry  of  the  corresponding  form 
of  the  normal  group.  This  is  illustrated  by  a  twinned  crystal  of  scheelite 
like  that  figured  (Fig.  378)  in  the  chapter  on  twin  crystals. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
symmetry  of  another  system  of  lower  grade,  is  particularly  common  in 
crystals  of  the  isometric  system  (e,g,y  gold,  copper).     The  result  is  reached  in 

*  The  terms  p$eudO'7iexagonal,  etc.,  used  in  this  and  similar  cases  explain  themselves.     • 
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•uch  cases  by  an  abnormal  development  or  "distortion'*  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  a 
later  page. 

21.  Possible  Groups  of  Symmetry. — The  theoretical  consideration  of  the 
different  kinds  of  symmetry  possible  among  crystals  built  up  of  like  molecules, 
as  explained  in  Arts.  30-32,  has  led  to  the  conclusion  that  there  are  thirty- 
two  (32)  tynes  in  all,  differing  with  respect  to  the  combination  of  the  different 
symmetry  elements  just  described.  Of  these  thirty-two  natural  groups  among 
crystals  based  upon  their  symmetry,  seven  groups  include  by  far  the  larger 
number  of  crystallized  minerals.  Besides  these,  some  thirteen  or  fourteen 
others  are  distinctly  represented,  though  several  of  these  are  of  rare  occur- 
rence.  Further,  eight  or  nine  others,  making  in  all  twenty-nine  or  thirty,  are 
known  among  crystallized  salts  made  in  the  laboratory.  The  characters  of 
each  of  the  thirty-two  groups  are  given  under  the  discussion  of  the  several 
crystalline  systems. 

22.  Crystallographio  Axes. — In  the  description  of  the  form  of  a  crystal, 
especially  as  regards  the  position  of  its  faces,  it  is  found  convenient  to 
assume,  after  the  methods  of  analytical  geometry,  definite  lengths  of  certain 
lines  passing  through  the  center  of  the  ideal  crystal,  as  a  basis  of  reference. 
(See  further  Art.  33  et  seq.) 

These  lines  are  called  the  crystallographic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by  the  symmetry  of  the  crystals,  for  an  axis  of 
symmetry  is  in  almost  all  cases*  a  possible  crystallographic  axis.  Further, 
their  unit  lengths  are  fixed  sometimes  by  the  symmetry,  sometimes  by  the 
faces  assumed  as  fundamental,  I'.e.,  the  unit  forms  in  the  sense  defined  later. 
The  dotted  lines  shown  in  Fig.  19  are  the  crystallographic  axes  to  which  the 
cubic  faces  are  referred. 

23.  Systems  of  Crystallization. — The  thirty-two  possible  crystalline  groups, 
distinguished  from  one  another  by  their  symmetry,  are  classified  in  this  work 
under  six  systems,  each  charaeterized  by  the  relative  lengths  and  inclinations   : 
of  the  assumed  crystallographic  axes.     These  are  as  follows: 

I.  Isometric  System.     Three  equal  axes  at  right  angles  to  each  other. 

II.  Tetragonal  System.  Three  axes  at  right  angles  to  each  otlier,  two 
of  them  "the  lateral  axes — equal,  the  third — the  vertical  axis— longer  or 
shorter. 

III.  Hexagonal  Sxstem.  Four  axes,  three  equal  lateral  axes  in  one 
plane  intersecting  at  angles  of  60°,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  Orthoruombic  System.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  MoxocLiNio  System.  Three  axes  unequal  in  length,  and  having  one 
of  their  intersections  oblique,  the  two  other  intersections  equal  to  90°. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

The  systems  of  crystallization  have  beeu  variously  named  by  different  authors,  as 
follows: 

Isometric.  Te^ulftr  of  Mohs  and  Ilaidini^er;  Isometric  of  HnuRmann;  Tftuteral  of 
Nnuinaiin;  Regular  of  Weiss  and  Rose;  Cubic  of  Dufrenoy.  Miller,  Des  Cloizeauz; 
Monometrie  of  the  earlier  editions  of  Dana's  System  of  Mineralogy. 


J .« 


*  Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  uec:'ssarily  be  the 
axes  of  tetragonal  symmetry  (Fig.  19),  and  cannot  be  those  of  binary  or  tiigoual  symmetry 
(Fig*.  17.  18). 
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Tbtraoonal.  Pyramidal  of  Mobs;  Viergliedrige,  or  Ziceiund-einaxige,  of  Weiss; 
Tetragonal  of  Naumaun;  Monodimetric  ut  Hausmauu;  Quadratic  of  vod  Kubell;  Dimeiric 
of  early  editious  of  Daua's  System. 

Hexagonal.  Rhambohedral  of  Mobs;  Secbsgliedrige,  or  Vrei-und-tinaxtge  of  Weiss; 
Hexagonal  of  NaiimuDD;  Monotrimetric  of  Hausmaon. 

OuTHORHOMBic.  Prtstnatic,  or  OrViotype,  of  Mobs;  Ein-undeinaxige  of  Weiss; 
R/iombic  aud  Aniaometric  of  Nauinaun;  Trimetric  and  Ortkoi'hoinbic  of  Hausiuaun; 
Trimeirk  of  earlier  ediiious  of  Dana's  System. 

MoNOCLiNic.  HemiprUmatic  aud  BemiortJiotype  of  Mobs;  Ztoeiundeingliedrige  of 
Weiss;  Monoclinohedral  of  Naumanu;  Clinarhofnbic  of  v.  Kobell.  Hausmanii.  Des 
Cloizeaux;  Augiiic  of  Haidioger;  Obliqiie  o(  Miller;  Monosymmetric  of  Grotb  (1876). 

TuiCLiNic.  TetartO'pritfmatic  of  Mobs;  Ein-Ufid-eingliedrige  of  We  ss;  TricLvwhedral 
of  Naumann;  Ctvwrfiomboidal  ol  v.  Kobell;  AiuyrOiic  of  Haidinger  aud  Miller;  Anorthie, 
or  Doubly  Oblique,  of  Des  Cloizeaux;  Asf^vimetric,  of  Grotli  (1870). 

As  remarked  later,  some  autbors  prefer  to  divide  tbe  thirty-two  symmetry  groups  iuto 
tf^^n  systems,  referring  tbe  so-called  rbomboliedral  forms  to  tbree  equal  axes  witU  equal 
oblique  intersections;  tbis  is  tbe  trigonal  system  of  Grotb  (1896). 

24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  groups  differing  among  themselves  in  their  symmetry. 
One  of  these  groups  is  conveniently  ciiUed  the  normal  group,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  groups  comprised  within  a  given  system 
are  at  once  essentially  connected  together  by  then*  common  optical  characters, 
and  in  general  separated  *  from  those  of  the  other  systems  in  the  same  way. 

In  the  paragraphs  immediately  following,  a  synopsis  is  given  of  the  sym- 
metry of  the  normal  group  of  each  of  the  different  systems,  and  also  that  of 
one  subordinate  group  of  the  hexagonal  system,  which  is  of  so  great  impor- 
tance that  it  is  also  often  conveniently  treated  as  a  sub-system  even  when,  as 
in  this  work,  the  forms  are  referred  to  the  same  axes  as  those  of  the  strictly 
hexagonal  type — a  usage  not  adopted  by  all  authors. 

25.  Sjrmmetry  of  the  Systems. — With  respect  to  the  symmetry  of  the  form, 
which  finds  practical  expression,  as  before  stated,  in  the  axial  relations,  the 

/^normal  grottps  under  the  different  systems  are  characterized  as  follows. 

I.  Isometric  System.     Three  like  axial  f  planes  of  symmetry  (principal 

planes)    parallel   to   the   cubic   faces,   and   fixing  by  their  intersection    the 

^crystallographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through 

//each  opposite  pair  of  cubic  edges,  and  hence  parallel  to  the  faces  of  the 

rhombic  dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  cubic  or  crystallo- 
graphic  axes;  four  like  axes  of  trigonal  symmetry,  the  octahedral  axes;  and 
six  like  axes  of  binary  symmetry,  the  dodecahedral  axes.  There  is  also 
obviously  a  center  of  symmetry.J  These  relations  are  illustrated  by  Fig.  28; 
also  by  Fig.  41 ;  farther  by  Figs.  70  to  110. 

*  Crystals  of  the  tetragonal  and  hexagonal  systems  are  alike  in  being  optically  unnxfal; 
but  tbe  crystals  of  all  the  other  systems  have  distinguishing  optical  characiers. 

f  Two  planes  of  symmetry  are  said  to  be  like  when  they  divide  the  ideid  crystal  into 
halves  which  are  identical  to  each  other;  otherwise,  they  are  said  to  be  unlike.  Axes  of 
symmetry  are  also  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallO' 
graphic  axes,  it  is  called  an  axial  plane  of  symmetry.  If  the  plane  includes  two  or  more 
like  axes  of  symmetry,  it  is  called  a  principal  pUine  of  symmetry;  also  an  axis  of  symmetry 
in  which  two  or  more  like  planes  of  symmetry  m«  et  is  a  princip<U  axis  of  symmetry. 

{In  describing  the  symmetry  of  the  different  gioups.  here  and  later,  tbe  center  of 
symmetry  is  ordinarily  not  mentioned  when  its  presence  or  absence  is  obvioui. 
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II.  Tbthaqosal  System.  Three  axial  planes  of  eymmetry :  of  these  tw» 
are  like  planes  intersectinz  at  SU"  in  a  liue  which  is  the  vertical  crystollo- 
graphic  axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  and 


Qa1«i»L 


Rutile. 


hence  contains  the  lateral  axes.  There  are  also  two  diagonal  plnnes  of  sym- 
metry, intersecting  in  the  vertical  axis  and  meeting  the  two  axial  planes  at 
angles  of  45°. 

Further,  there  is  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallographic  axis.  There  are  also  in  a  plane  normal  to  this 
foar  axes  of  binary  symmetry — like  two  and  two — those  of  each  pair  at  right 
angles  to  each  other.  Fig.  20  shows  a.  typical  tetragonal,  crystal,  and  Fig.  30 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  sym- 
metry normal  to  the  vertical  axis.     See  also  Fig.  42  and  Figs.  149-171. 

III.  Hexagonal  Stbtek.  In  the  Hexagonal  Division  there  are  four 
axial  planes  of  symmetry;  of  these  three  are  like  planes  meeting  at  angles  of 
60",  their  intersection -line  being  the  vertical  crystallographic  axis;  the  fourth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  In  the 
vertical  axis,  ana  making  with  tbew  angles  of  30°. 
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BeiyL  Beryl.  Corundum. 

Farther,  there  is  one  principal  axis  of  hexagonal  symmetry;  this  is  the 
vertical  cryetallograpbio  axis;  at  right  angles  to  it  there  are  also  six  binary 
axes.  The  last  are  in  two  sets  of  three  each.  Fig.  31  shows  a  typicnl 
bexaffonsi  orvstid,  and  Fig.  32  a  basal  projection  of  the  same.  See  also 
Fig.  43  and  KgL  195-209. 
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In  the  l^igonal  or  Rhonlohedral  Division  of  this  system  there  are  three 
like  plaiiea  ot  symmetry  intersecting  ut  angles  of  60  in  the  vertical  azis. 
Further,  the  forms  belonging  here  have  a  vertical  principal  axis  of  trigonal 
Bymmetry,  and  tliree  horizontal  axes  of  binary  symmetry,  diagonal  iu  position 
to  the  crystal lographic  axes.  Fig.  3U  showB  a  typical  rhombohedral  crystal, 
and  Fig.  34  a  basal  projection.     See  also  Figs.  236-353. 
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Co  n  I  lid  11  m,  OhryBoltte.  Chrysolite. 

IV.  Orthokhombio  System.  Three  unlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  tlieir  intersection-lines  the  position'of  the  crystallo- 
graphic  axes.  Fitrtlier,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  last-named  axes.  Fig.  35  shows  a  typical  orthorhombic  crystal,  and 
Fig.  36  ft  basal  projection.     See  also  Fig.  44  and  Figs.  273-303. 

V  MosocLiNiG  System.  One  plane  of  symmetry  which  contains  two  of 
the  crystallographic  axes.  Also  one  axis  of  binary  symmetry,  normal  to  this 
plane  and  coinciding  with  the  third  crystal! ographic  axis.  See  Figs.  37-39; 
also  Fig  45  and  Figs.  312-337. 


Pyroxene.  Pyroxene.  Axiuile. 

VI.  TitiCLisrc  System.  No  plane  and  no  axis  of  symmetry,  hot  sym- 
metry Holel;?  with  respect  to  the  central  point.  Pig.  40  and  Fig.  46  show 
typical  triclitiic  crystals.     See  also  Figs.  333-341. 

26.  The  relations  of  the  normal  groups  of  the  different  systems  are  further 
iliustnited  Ijotli  as  regards  the  crystallographic  axes  and  symmetry  by  the  accom- 
panying figures,  41-46.  The  exterior  form  is  here  that  bonnded  by  faces  each 
of  which  is  parallel  to  a  plane  through  two  of  the  crystallogrnphic  ases 
indicated  by  the  central  broken  lines.  Farther,  there  is  shown,  within  this,  the 
combination  of  faces  each  of  which  joins  tiie  extremities  of  the  unit  lengths 
of  the  axes. 
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The  full  understanding  of  the  subject  will  not  be  gained  until  after  a 
study  of  the  forms  of  each  system  in  detail.  Nevertheless  the  studeut  will  do 
well  to  make  himself  familiar  at  the  outset  with  the  fundamental  relations 
here  illustrated. 


It  will  be  shown  later  that  the  symmetry  of  the  different  groups  can  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  spherical  projection  ex- 
plained in  Art.  39  et  teq. 

VI.  >od«U — (Jlass  (or  Imn-pareDt  cellulolfi)  mmiels  illusirating  ibe  different  sfBlems, 
baviti)[  ilii;  foniis  «liuwn  In  Fjgs.  41-40.  will  be  very  useful  la  tlic  sluck'iit.  especiiilty  iu 
leariiiiiir  iiie  fiindiimetiiHl  relalioiis  as  regards  sjinmetry.  Tlii'y  hIioiiIi)  i-hnw  witliin  llie 
cry«iallozni|>bic  iixea.  uud  by  colored  thititide  or  wir«3  tbe  niiUinc'  of  oiit!  iir  moi'c  simple 
roniis.  Modii  s  *  of  wood  iiie  also  mnde  In  grifnl  vaiiei v  and  pi-rfpclion  ot  form ;  tbese  are 
iiidisptMiwibti!  Id  llir  stiuteiil  In  masU'riiig  llie  prini'lptcs  of  cryMiillo.i^niiiliy. 

28.  So-called  Holobedral  and  Hemihedral  Forms. — It  will  a|ipear  later  that 
each  crystal  form  t  of  the  normal  group  in  a  given  system  embraces  n//  the 
faces  which  h;ive  a  like  j;eo metrical  position  with  reference  to  tlte  crystallo- 
graphic  axes;  such  a  form  is  said  to  be  holohedral  (from  o\oS  and  e^pa,  face). 
Oil  the  other  hand,  tinder  the  groups  of  lower  symmetry,  a  certain  form,  while 
necessarily  having  all  the  faces  which  the  symmetry  allows,  may  yet  have  but 
/mi// as  many  as  the  corresponding  form  of  the  normal  group;  these  balf-faced 
forma  are  sometimes  called  on  this  account  hemihedral.  Furthermore,  it  will 
be  seen  that,  in  such  cases,  to  the  given  holohedral  form  there  correspond  two 
similar  and  complementary  hemihedral  forms,  called  resj>ectively  plus  and 
minus  (or  right  and  left),  which  together  embrace  all  of  its  faces. 
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A  single  example  will  help  to  make  the  above  statement  intelligible.  In  the  normal 
group  of  tiie  isometric  system,  the  octahedron  (Fig.  47)  is  a  " holonedral"  form  with  all 
the  possible  faces— eight  in  number — which  are  alike  in  that  they  meet  the  nxes  at  equal 
distances.  In  he  tetrahedral  group  of  the  same  system,  the  form^  are  referred  to  the  same 
crystallographic  axes,  but  the  symmetry  defined  in  Art.  19  (and  more  fully  Inter)  calls  for 
but  four  similar  taces  having  the^sition  described.  These  yield  a  fourfjiced,  or  "hemi- 
hedrul/'  form,  the  tetiahedrou.  Figures  48  and  49  show  the  plus  and  minus  tetrahedron, 
which  together,  it  will  be  seen,  embrace  all  the  faces  of  the  octahedron,  Fig.  47. 


47. 


48. 


49. 


60. 


In  certain  groups  of  still  lower  symmetry  a  given  crystal  form  may  have 
but  one-quarter  of  the  faces  belonging  to  the  corresponding  normal  form,  and, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartohedral. 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedral)  forms  under  a  given  system  has  played  a  prominent  part  in  the  crystal- 
lograpny  of  the  past,  but  it  leads  to  much  complexity  and  is  distinctly  less 
simple  than  the  direct  statement  of  the  symmetry  in  each  case.  The  latter 
method  is  systematically  followed  in  this  work,  and  the  subject  of  hemihedrism 
is  dismissed  with  the  brief  (and  incomplete)  statements  of  this  and  the  follow- 
ing paragraphs. 

29.  Heixiimorphic  Forms. — In  several  of  the  systems,  forms  occur  nnder  the 
groups  of  lower  symmetry  than  that  of  the  normal  group  which  are  character- 
ized by  this:  that  there  is  no  transverse  plane  of  sym- 
metry, but  the  faces  present  are  only  those  belonging  to 
one  extremity  of  an  axis  of  symmetry  (and  cryst^Io- 
graphic  axis).  Such  forms  are  conveniently  called  hemi* 
morphic  forms.  A  simple  example  under  the  hexagonal 
system  is  given  in  Fig.  50.  It  is  obvious  that  hemi- 
morphic  forms  have  no  center  of  symmetry. 

30.  Molecular  Networks. — Much  light  has  recently 

been  thrown  upon  the  relations  existing  between  the 

different  types  of  crystals,  on  the  one  hand,  and  of  these 

to  the  physical  properties  of  crystals,  on  the  other,  by 

the   consideration  of   the  various  possible  methods  of 

grouping  of  the  molecules  of  wliich  the  crystals   are 

supposed  to  be  built  up.   This  subject,  very  early  treated 

by  Haiiy  and  others  (including  J.  D.  Dana),  was  discussed  at  length  by  Fran- 

kenheim   and   later  by  liravais.     More  recently  it  has  been   extended   and 

elaborated  by  Sohncke,  Wulff,  Schonfliess,  Fedorow,  Barlow,  and  others.* 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 


Ziucite. 


*  See  the  literature  following  Art.  82. 
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physical  units,  called  the  pbjBical,  or  crystal,  molecules.  Of  the  form  of  the 
molecules  nothing  is  defimtelv  known,  and  though  theory  haa  something  to  say 
about  their  size,  it  ia  enough  tiere  to  nnderstand  that  they  ore  alnioat  iutinitely 
Bmall,  BO  small  that  the  surface  of  a  solid — e.g.  of  a  crystal — may  appear  to  the 
toDch  and  to  the  eye,  even  when  assisted  by  a  powerful  microscope,  as  peifectly 
smooth. 

The  molecules  are  further  believed  to  he  not  in  contact  but  separated  from 
one  another — if  in  contact,  it  would  be  impossible  to  explain  the  motion  to  which 
the  sensible  heat  of  the  body  is  due,  or  the  transmission  of  radiation  (radiant 
beat  and  light)  through  the  mass  by  the  wave  motion  of  the  ether,  which  is 
believed  to  penetrate  the  body. 

When  a  body  passes  from  the  state  of  a  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecnles,  the  result  is  a  crystal  of  some  definite  type  as  regards 
symmetry.  The  simplest  hypothesis  which  can  be  made  assumes  that  the 
form  of  the  crystal  is  determined  by  the  way  in  which  the  molecules  group 
themselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  forces  between  the  molecules  vary  in  magnitude  and  direc- 
tion from  one  type  of  crystal  to  another,  the  resultant  groupiug  of  the  molecules 
must  also  vary,  particularly  as  regards  the  distance  between  them  and  the 
auglee  between  the  planes  in  which  they  lie.  This  may  be  simply  represented 
by  a  series  of  geometrical  diagrams,  showing  the  hypothetical  groupings  of 


points  which  are  strictly  to  be  regarded  as  the  centers  of  gravity  of  the  mole- 
cnles themselves.  Such  a  grouping  is  named  S  network,  or  point-system,  and 
it  is  said  to  be  r«jru/ar  when  it  is  the  same  for  all  parallel  lines  and  planes, 
however  they  be  taken.  For  the  fnndamental  observed  fact,  true  in  all  simple 
crystals,  that  they  have  like  physical  properties  in  all  parallel  directions,  leads 
to  the  conclusion  that  the  grouping  of  the  molecules  must  be  the  same  about 
each  one  of  them  (or  at  least  about  each  unit  group  of  them),  and  further  the 
same  in  all  parallel  lines  and  planes. 

The  subject  may  be  illustrated  by  Figs.  51,  52  for  two  typical  cases,  which 
are  easily  nnderstood.  In  Fig.  51  the  most  special  case  is  represented  where 
the  points  are  grouped  at  equal  distances,  in  planes  at  right  angles  to  each 
other.     The  stnictnre  in  this  case  obviously  corresponds  in  symmetry  to  the 
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cube  described  in  Arts.  16  and  16,  or,  in  other  words,  to  the  normal  group  of 
the  isometric  system.  Again,  in  Fig.  52,  the  general  case  is  shown  where  the 
molecules  are  unequally  grouped  in  the  three  directions,  and  further  these 
directions  are  oblique.  The  symmetry  is  here  that  of  the  normal  group  of  the 
triclinic  system. 

If,  in  each  of  these  cases,  the  figure  be  bounded  by  the  simplest  possible 
arrangement  of  eight  points,  the  result  is  an  element  an/  par  allelopiped,  which 
obviously  defines  the  molecular  structure  of  the  whole.  In  the  grouping  of 
these  parallelepipeds  together,  as  described,  it  is  obvious  that  in  whatever 
direction  a  line  be  drawn  through  them,  the  points  (molecules)  will  be  spaced 
alike  along  it,  aiid  the  grouping  about  any  one  of  these  points  will  be  the  same 
as  about  any  other. 

31.  Certain  important  conclusions  can  be  deduced  from  a  consideration  of 
such  regular  molecular  networks  as  have  been  spoken  of,  which  will  be 
enumerated  here  though  it  is  impossible  to  attempt  a  full  explanation. 

(I)  The  prominent  crystalline  faces  must  be  such  as  include  the  largest 
number  of  points,  that  is,  those  in  which  the  points  are  nearest  together. 

Thus  in  Fig.  53,  which  represents  a  section  of  a  network  conforming  in 
symmetry  to  the  structure  of  a  normal  orthorhombic  crystal,  the  common  crystal- 
line faces  would  be  expected  to  be  those  having  the  position  bb,  aa,  mm,  then 
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U,  tin,  and  so  on.  This  is  found  to  be  true  in  the  study  of  crystals,  for  the 
common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  some  simple 
relation  to  the  assumed  axes;  forms  whose  position  is  complex  are  usndly 
present  only  as  small  faces  on  the  simple  predominating  forms,  that  is,  aa 
modifications  of  them.    So-called  vicinal  forms,  that  is,  forms  taking  the  place 
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of  tbe  simple  fundamental  forms  to  which  they  approximate  very  closely  in 
angular  position,  are  exceptional. 

(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  between  them  (that  which  fixes  their  position)  must  be  rational 
andy  as  stated  in  (1),  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This,  as  explained  later,  is  found  by  experience  to  bo  a  fundamental 
law  of  all  crystals.  Thus  in  Fig.  53,  starting  with  a  face  meeting  the  section 
in  mnij  11  would  be  a  common  face,  and  for  it  the  ratio  is  1::^  in  the  directions 
h  and  a;  nn  would  be  also  common  with  the  ratio  2: 1. 

(3)  If  a  crystal  shows  the  natural  easy  fracture,  called  cleavage,  due  to  a 
miniminin  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively  great 
molecular  crowding,  that  is,  one  of  the  common  or  fundamental  faces.  This 
follows  (and  thus  gives  a  partial,  though  not  complete,  explanation  of  cleav- 
age) since  it  admits  of  easy  proof  that  that  plane  in  which  the  points  are 
closest  together  is  farthest  separated  from  the  next  molecular  plane.  Thus  in 
Fig.  53  compare  the  distance  separating  two  adjoining  planes  parallel  to  bb  or 
aa\  then  two  parallel  to  mm,  a,  nn,  etc.  Illustrations  of  the  above  will  be 
found  under  the  special  discussion  of  the  subject  of  cleavage. 

32.  Kinds  of  Molecular  Groupings. — The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  the  seven  grouos  defined  in 
Art.  25  as  representing  respectively 
the  normal  groups  of  the  six  systems 
with  also  that  of  the  trigonal  (or 
the  rhombohedral)  division  of  the 
hexagonal  system.  Of  the  fourteen, 
three  groupings  belong  to  the  iso-  \^^ 
metric  system  (these  are  shown,  for  ^ 
sake  of  illustration,  in  Fig.  54,  a,b,c,  from  Groth);  two  to  the  tetrasronal ;  one 
each  to  the  hexagonal  and  the  rhombohedral;  four  to  the  orthorhombic  sys- 
tem; two  to  the  monoclinic,  and  one  to  the  triclinic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex« 
istence  of  the  groups  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  group.  It  has  been  shown,  however,  by  Sohncke  and  later  by 
Fedorow,  Schonflies  and  Barlow,  that  the  theory  admits  of  extension.  The 
idea  supposed  by  Sohncke  is  this:  that,  instead  of  the  simple  form  shown,  the 
network  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  as 
having  a  position  relative  to  the  other  (1)  as  if  pushed  to  one  side,  or  (2)  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (2)  and  displaced 
as  in  (I).  The  complexity  of  the  subject  makes  it  impossible  to  develop  it 
here.  It  must  suffice  to  say  that  with  this  extension  Sohncke  oonchides  that 
there  are  65  possible  groups.  This  number  has  been  further  extended  to  230 
by  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
distinct  types  as  regards  symmetry,  and  thus  all  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Literature. — A  complete  understanding  of  this  subject  can  only  be  gained 
by  a  careful  study  of  the  many  papers  devoted  to  it,  a  partial  list  of  which  is 
added  below.  Further  references  particularly  to  the  early  literature  are 
given  in  Sohncke's  work  (see  below).  An  excellent  and  very  clear  summary  of 
the  whole  subject  is  given  by  Groth  in  the  third  edition  of  his  Physikalische 
Krystallographie,  1 895. 


V4  ORYSTALLOORAPHY. 

JCdrly  papers : 

Friink«nh«im.  Do  Cryntallorum  Cobasflioner  1829:  also  in  Baumgartner's  Zeitschrift 
fUr  PhyHlk.  9.  94,  194.  1»81.  Die  Lehre  von  der  Cohftsion,  Bresluu.  1885.  Ueber  die  An- 
ordiiuuK  i\vt  MoloctUo  Im  KrvHtuIl;  Pogg.,  97,  887,  1856. 

HmmI.  Article  '  KryttUill '  in  Qcbler  8  pbysikal.  WOrterbucb,  5,  1880  (see  Sobncke,  Zs. 
Krym..  18.  4Htt). 

Bravala.  M^inoiru  Mur  Itw  Hystdnics  formes  par  dcs  points  distribu^s  regulidrement  but 
un  plan  oil  daiiN  IVNpiice,  Purin,  1850;  and  in  Etudes  cristallogmphiques,  Paris,  1866. 

OadoUn.  Aot.  Hoo.  Fi*nuic(e,  9,  1,  1871  (republisbed  iu  Oslwald's  Klass  ker  d.  exakten 
WiMOUNchuftoii,  No.  75). 

liittrr  HH»rk$  ami  jMMjtert: 

Barlow.  Nature.  29,  186,  905.  1888;  Zs.  Kryst,  23,  1,  1894;  26,  86, 1895;  Min.  Max., 
11.  119.  1896.  and  Zs.  Kryst.,  27.  449.  468.  1896;  R.  Dublin  Soc..  8.  627, 1897,  andZft 
Krytt,  29.  488,  1898. 

Ourie.     Hull.  S<h\  Min..  7.  89.  418.  1884. 

F«dorow.    Zs.  Kryst.  20,  25.  259;  24.  209,  1894;  26, 118,  1895;  28, 86,  282, 468, 1897. 

CMdtohmidt    Zs.  Kryst..  28.  1.  414.  1897. 

X«lTin.    Pn>Q.  U.  B«>c  Kdiub..  16.  698.  1888;  Proc.  Roy.  Soc.  55,  1,  1894. 

MlnaefMrode.     Nachr.  G«s.  GOttingeu.  1884;  Jb.  Min.  BeiLBd.,  5, 145,  1887. 

8oh(MUM.  Nachr.  Ges.  GOttingen.  488,  1888;  289,  1890.  Also  as  a  separate  work, 
KryalAlUvsteme  und  KryvtHllstructur.  Leipzig.  1891. 

Soluiok*.  Die  Gruppirung  der  MolekUleln  den  Krystallen.  Pogg.  Ann.,  132.  75, 1867. 
Also  Wteil.  Ann  ,  16,  489,  lS)2:  Zs.  Kryst,  13.  209.  214.  1887;  14,  417.  426»  1888;  18, 
486, 189a    Kntwickehuitf  einer  Theorie  der  Krystallstructur,  Leipzig.  1879. 

▼tola.    Z*.  Kryst.,  27.  1.  1896;  28.  452;  29.  1.  S84.  1897. 

L.  WuUr     Zs.  Kryst.  13.  508.  1887;  16.  866,  1889;  18.  174,  1890. 

WtUftttf .    For  title  aee  |\  2. 


GENERAL  MATHEMATICAL  RELATIONS  OF 

CRYSTALS. 


< 


SS.  Aximl  Batio«  Axial  Pltne.^Tho  orTstallographic  axes  have  been  defined 

(Art.  S9^  a»  certain  lino;«^  uswallv  dotoriiuned  bv  the  STmmetrv,  which  are  used 

itt  tho  \Josii\^n{^tUm  of  the  faces  of  orvstaK  and  in  the  determination  of  their 

|H>^tiou  and  anptlar  inclination.     \Vith  these  objects  in  view,  certain  lengths 

4§^^  of  these  axes  are  assumed  as  units  to  which  the 

ocvMtrrini:  faces  aiv  referred,    . 

The  axt^s  are*  in  general,  lettered  «,  ft.  r,  to 
corresjvM:d  to  the  scheme  ia  Fisr-  ^^-  To  aid  the 
metuv^rwthe  letters  mav  Iv  f;:r:^er  di^incnished: 
as  ;'  v^^*'**-^*  ax:s^:  J,  .•»  ishoner  ar.d  longer  Imtenl 
axes^,  e:c» 

If  :w\^  of  :he  axes  are  e\^::*\  ihej  are  desig- 
i  r.a:esi  v«.  ^  /:  if  :hree,  .\  .:,  -r.     In  oneVrmem,  the 

fcexa^^v,A\  :hK  re  are  fo::?  a^e??*  Ie::ered  V  ©^  «»  A. 

F"-r;><rr,  .::  :he  sT?:^nts  o^her  ;bi=i  the  tsomet- 

r:v\  x""*e  of  :re  '.a:«rril  ax'e^  :s  :;akefi  a»  tW  ttnit  to 

%hvh  :>,^  oc^er  axw  *r>?  refxrrrvc:  h^r.vv  :rie  !^r-4::>,s  oi  :»  axes  expROi 

*:r-,s*:\\  :c:^  r^zj^  '-ATvA     liL-s  fvv  scilyhur    .*r:borSxsL>ix%  see  F^  5T)  Hm 

}$\'^  -^:>o  :* 
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The  plane  of  any  two  of  the  axes  is  called  an  axial  plane,  and  the  apace 
included  by  the  three  axial  planes  is  an  octant,  since  the  total  space  about  tlie 
center  is  tnus  divided  bv  tne  three  axes  into  eight  parts.  In  the  hfixagoiial 
system,  however,  where  there  are  three  lateral  axes,  the  space  about  the  center 
is  divided  into  12  parts,  or  aectnnls. 

34.  Farameten,  SymboL— The  parameters  oi  a  plane  are  its  intercepts  on 
the  assumed  axes.  The  symbol  expresses,  often  in  abbreviated  form,  the 
relation  of  these  intercepts  to  certain  lengths  of  the  axes  taken  as  units. 

For  example,  in  Fig.  56  let  the  lines  OX,  OT,  OZhe  taken  as  the  direc- 
tions of  the  crjBtallographic  axes,  and  let  OA,  OB,  OC  represent  the  unit 
lengths,  designated  (always  in  the  same  order)  by  the  letters  a,  b,  c.  Then  the 
parameters  for  the  plane  (1)  HKL  are  OH,  OK,  OL;  for  the  plane  (?)  RNM 
they  are  OR,  ON,  OM.  Bnt  in  terms  of  the  unit  lengths  these  ar«, 
respectively. 


(1)    >=fJ: 


or         (2)     lo  :  I*  :  2c. 


These  two  expressions  are  identical,  since  the  two  planes  BEL,  MNR  are 
parallel  and  hence  crystallographically  the  same.  Obviously  each  of  the  above 
expressions  may  be  changed  into  the  other  by  mnltiplying  (or  dividing)  by  4. 


It  will  be  noted  that  in  (1)  the  nnmerators  of  the  fractional  nnmbers  expresa- 
ing  the  relation  to  the  axes  are  all  unity;  while  In  (3)  the  number  referring 
to  one  of  the  lateral  axes  (a)  is  made  unity.  The  significance  of  this  distinc- 
tion will  appear  at  once. 

The  general  expression  for  any  plane  referred  to  these  axes,  written  after 
the  wme  method,  will  be 


(1) 


(2)     la  :  nb  :  mc 
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Here  in  (1)  the  numbers,  or  indices,  Jikl  (in  the  case  above,  432)  constitute 
the  symbol  after  the  method  of  Miller  (1839;  earlier  developed  by  Whewell 
and  6rassmann). 

The  second  form  (2)  is  the  symbol  essentially  as  early  written  by  Weiss. 
This  last  was  contracted  by  Naumann  to  mPn  {mOn  in  the  isometric  system), 
the  axes  being  omitted  from  the  expression  and  the  order  reversed;  the  same 
with  the  omission  of  the  P  (or  d),  m-n,  is  adopted  in  Dana's  System  of 
Mineralogy,  in  the  last  edition  (1892)  of  which  work,  however,  the  Miller  sym- 
bols are  given  the  preference. 

In  the  hexagonal  system  there  are  assumed  four  axes,  three  of  them  lateral 
axes.  Corresponding  to  this,  in  the  symbols  after  the  method  of  Miller  as 
adapted  by  Bravais,  there  sire  four  indices,  hJcll,  The  relation  of  these  to  the 
axes  is  the  same  as  in  the  other  cases,  as  explained  under  the  hexagonal 
system. 

The  following  are  other  examples  of  planes  with  the  symbols  written  after 
the  two  methods  given.  It  will  be  seen  that  the  respective  expressions  under 
(I)  and  (2)  are  identical. 

<l)  (2) 

Mlller*8  SymboL  Kaumann*B  SymboL 

2«:  gft:  j-0 221        or        la:  lh\2e 2Por2 

^a:  \b:  ^c 212         "         la:  26-.U P2  or  1-2 

2         1        « 

ia:  ^6:  ~(j.... 201         «•         la:ooft:2c 2Pbo  or  2-i* 

^a:  \h'.  ^e 210         ••         la:  ^icoc ooP2ori.2 

2         10 

—  a:  -jrft:  -c 100         •«         la:oo6:«e ooAoori-t 

If  the  axial  values  are  measured  behind  for  the  axis  a,  to  the  left  for  S,  or 
below  for  c,  they  are  called  negative,  and  a  minus  sign  is  placed  over  the 
corresponding  number  of  the  Miller  symbols;  as, 

Miller,  Miller. 

-r-'-h-h '^^'         -h--l'--v ^» 

It  is  sometimes  stated  that  Naumann's  symbols  are  the  more  easy  of  comprehension 
because  more  readily  referred  to  the  axes,  and  this  is  in  a  measure  true.  If  the  student, 
however,  will  accustom  himself  to  think  of  the  Miller  symbols  in  the  form  given  above,  that 
is,  always  as  the  denominators  of  the  fractional  values  of  the  axes  whose  numerators  are 
unity,  he  will  never  have  anylrouble  in  seeing  the  position  of  a  given  plane  relatively  to 
the  axes.  lie  must  remember  that  the  order  is  always  that  given  above,  h,  k,  and  I  refer- 
ring respectively  to  the  axes  a,  6,  and  c\  mortover,  he  will  note  that  a  zero,  0,  always 

means  that  the  given  plane  is  parallel  to  the  axis  to  which  it  refers,  since  —  =  oo. 

With  the  symbols  of  Naumann,  the  m,  written  first,  always  refers  to  the  vertical  axis, 
while  the  w,  which  follows,  and  is  always  greater  than  unity,  refers  to  one  of  the  lateral 
axes,  the  other  being  made  unity.  To  which  lateral  axis  the  n  belongs  is  often  indicated 
by  a  mark  over  the  n  (n,  or  n,  or  n),  or  attached  to  the  Pas  explained  under  the  different 
systems.  When  w  =  1,  it  is  omitted  before  the P or  0  (but  not  so  when  the  Pis  dropped); 
and  when  n  =  1,  it  is  omitted  in  all  rasis. 

Other  systems  of  symbols,  besides  the  two  explained,  have  also  been  or  still  are  in  use^ 
as  those  of  Weiss,  of  Mobs  and  Haidinger,  Hausmann,  L€vy,  Goldschmidt,  and  others 


GENERAL  MATHEMATICAL  RELATIONS  OF  CRYSTALS.  25 

Of  tliese  the  symbols  of  Weiss  are  essentially  those  already  given  (under  2.  p.  28)  which, 
abbreviaieJ  (and  inverted  in  order),  were  adopted  by  Nauniann.  The  symbols  of  Levy 
have  been  extensively  used  by  the  French  school  of  mineralogists.  A  \ery  full  explanation 
of  all  the  different  systems,  as  of  ihat  recently  devised  b^  himself,  is  given  in  Goldschmidt'a 
Index  (lSb6-1891).  Transformaii(/n  couations  for  the  important  casis,  are  given  by  Groih 
(Phys.  Kryst.)» Mallard  (Crist.,  vol.  1),  Litbisch  (Kryst.)f  and  others  ;  see  p.  2. 

35.  Law  of  Eational  Indices. — The  study  of  crystals  has  established  the 
general  law  that  the  ratios  between  the  intercepts  on  the  axes  for  any  face  on 
a  crystal  to  tiiose  of  any  other  face  can  always  be  expressed  by  rational 
numbers.    These  ratios  may  be  1:2,  2:1,  2:3,  1 : 0  (oo :  1 ),  etc.,  but  never 

1: 1^2,  etc.  Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be 
either  whole  numbers  or  zero,  and  similarly  the  m  and  n  of  Naumann's  symbols 
may  be  whole  numbers  or  fractions,  or  infinity. 

If  the  form  whose  intercepts  on  the  axes  a,  b,  c  determine  their  assumed 
unit  lengths — the  u7iU  form  as  it  is  called — is  well  chosen,  these  numerical 
values  of  the  indices  are  in  most  cases  very  simple.  In  the  Miller  symbols, 
0  and  the  numbers  from  1  to  6  are  most  common. 

The  above  law,  which  has  been  established  as  the  result  of  experience,  in 
fact  follows  from  the  consideration  of  the  molecular  structure  as  ninted  at  in 
an  earlier  paragraph  (Art.  31). 

The  law  of  rational  indices  finds  an  illustration  later  under  the  isometric  system.  It  is 
stated  there  that  ihree  of  the  five  regular  solids  of  geometry,  viz.,  the  cube,  octahedron, 
and  the  regular  triangular  pyramid  (cry^tallographically  the  tetmhtdron)  all  occur  among 
crystals;  the  regular  pentagonal  dodecahedron  and  icosahedron,  on  the  contrary,  are  im- 
possible forms.    This  is  true  hi  cause  the  ratios  of  their  intercepts  on  the  axes  for  such  forma 

would  be  irrational;  thus  for  the  regMlar  dodecahedron  the  ratio  would  be  1 :        ^    *^  - 

There  are,  it  is  true,  two  forms  respectively  twelve-sided  and  twenty-sided  which  approx- 
imate to  these  regular  solids,  but  their  faces  in  the  first  case  are  not  all  regular  pentagons, 
and  in  ihe  second  they  are  not  all  regular  triangles.  In  the  latter  case  it  will  be  seen  that 
the  twenty  fnces  in  fact  belong  to  two  distinct  forms,  eight  of  one  and  twelve  of  the  other. 

36.  Form. — A  form  in  crystallography  includes  all  the  faces  which 
have  a  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
meaning  of  tnis  will  be  appreciated  after  a  study  of  the  several 
systems.  It  will  be  seen  that  in  the  most  general  case,  tliat  of  a 
form  having  the  symbol  (hkl),  whose  planes  meet  the  assumed 
unit  axes  at  unequal  lengths,  there  must  be  forty-eight  like 
faces  in  the  isometric  system  *  (see  Fig.  101),  twenty-four  in  the 
hexagonal  (Fig.  201),  sixteen  in  the  tetragonal  (Fig.  166),  eight 
in  the  orthorhombic  (Fig.  57),  four  in  the  monoclinic,  and  two 
in  the  triclinic.  In  the  first  four  systems  the  faces  named  yield 
an  enclosed  solid,  and  hence  the  form  is  called  a  closed  form;  in 
the  remaining  two  systems  this  is  not  true,  and  such  forms  in  these 
and  other  caseo  are  called  open  forms.  Fig.  275  shows  a  crysUil 
bounded  by  three  pairs  of  unlike  faces;  each  pair  is  hence 
an  open  form.     Figs.  58-61  show  open  forms. 

The  unil  or  fundamental  form  is  one  where  parameters  correspond  to  the 
assumed  unit  lengths  of  the  axes.  Fig.  57  shows  the  unit  pyramid  of  sulphur 
whose  symbol  is  Ull);  it  has  eight  similar  faces,  the  position  of  which  deter- 
mines the  ratio  of  the  axes  given  in  Art.  33. 


The  normal  group  is  referred  to  in  each  case. 


CKYSTALLOORAPHT. 


Tbe  forms  Id  the  Isometric  system  have  special  iodiTldual  nnmes.  given  Uter.  In  the 
other  systems  cerUiti  geDeral  names  are  employed  which  may  be  briefly  meoliooed  here. 
A  form  whose  faces  arc  parallel  to  two  of  the  uxes*  Is  called  a  pinaeeid  (from  xiyai,  a 
boiird,  il  is  showu  in  Fig.  58.  Ooe  whose  faces  are  parallel  to  the  vertical  axis  but  meet 
both  llie  lutenil  axes  la  called  a  pritm,  as  Fig.  68.  If  the  faces  are  parallel  to  otie  lateral 
niiaouly.  it  is  a  donM  (Figs.  60,  61).  If  the  faces  meet  nil  llie  axes,  the  form  iaapyratMd 
(Fig  57);  tl  Is  iJHiiie  is  given  even  if  there  is  only  one  face  belonpiug  to  the  form. 

lu  Fig.  62,  a  (100),  b  (010),  e  (001)  are  plnacoidsi  m  (110).  i  (120)  are  prisms;  d  (101),  aln> 
A(0n),J:(031)are  domes;  all  Ibese  are  open  forms.  Finally,  «(111), /(131)are  pyiamlda, 
and  iu  tills  ciise  Ihey  are  closed  forms.  The  relation  existing  in  each  of  these  eases  between 
the  symbol  and  the  position  of  the  faces  to  the  axes  should  be  carefully  studied. 


Baanl  Pinacoid. 

Prism. 

(001) 

(110) 

(101) 

(MO) 

m 

As  shown  In  the  above  cases,  the  symbol  of  bform  is  usually  Included  Id  parentheses, 
as  (111).  (100);  or  it  may  be  in  brackets  [111]  or  -(111  V.  If  the  symtoHs  written  without 
paicnlhesls,  as  III,  it  usually  refers  to  a  single  face  of  the  form  only.  Note  alao  that  with 
the  Hiller  symbols,  each  face  of  a  given  form  has  its  own  iudividual  symbol. 

37.  Zone.— A  zone  includes  a  series  of  faces  on  a  crystal  whose  intersection- 
lines  are  mutually  parallel  to  each  other  and  to  a  common  line  drawn  tbrongh 

the  center  of  the  crystal,  called  the  zone-axis.  This  parallelism  means  sim^y 
that  the  parameters  of  the  gtveii  faces  have  a  constant  ratio  for  two  of  the  axes. 
Some  Eimple  numerical  relation  exists,  iu  every  case,  between  all  the  faces  in  a 
zone,  which  is  expressed  by  the  zonal  equation.  The  faces  a,  m,  g,  b  (Fig.  63) 
are  in  a  zone;  also,  b,  k,  h,  c,  etc. 

If  a  face  of  a  crystal  falls  simultaneoubly  in  two  zones,  it  follows  that  its 
symbol  is  fixed  and  can  be  determined  from  the  two  zonal  equations,  without 
the  measurement  of  angles.  Further,  it  can  be  proved  that  the  face  cor- 
responding to  the  intersection  of  two  zones  is  always  a  possible  crystal  face, 
that  is,  one  having  rational  values  for  the  indices  which  define  its  position. 

In  many  cases  the  zonal  relation  is  obvious  at  sight,  but  it  can  always  be 
determined,  as  shown  in  Arts.  iS,  44,  by  an  easy  calculation. 

Illustrations  will  be  given  after  the  methods  of  represenllng  a  crystal  by  horizontal  and 
Bpbencitl  projections  have  been  explained. 

38.  Horizontal  Projection*. — In  addition  to  the  usual  perspective  figures  of 
crystals,  projections  on  the  basal  plane  (or  more  generally  the  plane  normal 
to  the  prisma.'ic  zone)  are  very  conveniently  used.  These  give  in  fact  a  map 
of  the  crystal  as  viewed  from  above  looking  in  the  direction  of  the  axis  of 
the  prismatic  zone.  Figs.  30,  32,  34  give  simple  examples;  also  Fig.  63  a 
projection  of  Fig.  G2,  both  repeated  from  p.  16.  In  these  the  succeesive 
faces  may  be    indicated    by  accents,  as  in  Fig.   63,  passing  around  in  th( 

*  In  the  letiagcmat  system  the  form  (100)  Is,  however,  called  a  prism  and  (lOl)  • 
pyramid. 
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iioD  of  the  axes  a,  b,  a',  that  is,  counter-clock  wise.    On  the  construc- 

<f  these  projections  see  the  sa.  63. 

Ddiz  A. 

I.  Spherical  Projectiani. — 

Btadv  of  actu»l  crystals, 

:u)arl;    as     regards     the 

iar  and  zonal  relatione  of 

faces,  is  much  facilitated 

e  nee  of  the  sphertcil  pro- 


In  this  the  position  of  ^^^r TT/^'' 

e  is  represented  by  a      M     ''     yV^ 


(^ 

:■ 

d' 

h 

k' 

v 

• 

k  k 

k 

fn 

/■ 

.  V- 

called  its'^o/e,  whero 
al  drawn  to  it  from  the  center  and  produced  meets  the  surface  of  the 
e.  The  symbols  after  Miller  are  immediately  connected  with  ihia  pro- 
u,  and  by  means  of  it  all  ordinary  calculations  can  be  performed  in  a 
dmple  manner.  Fig.  65  shows  a  spherical  projection  of  the  orthorbom- 
■ystal.  Fig.  63. 

the  ceuter  of  n  crystid,  tbat  is.  the  poini  uf  <Dierseciion  of  the  cryelunugrapLIc  axes, 
len   M  Ihe  center  uf   a  ^hei-e,  aud   Dormiils  be   ilmwn  frum  It  1o  iGe  xucce^lve 
fiiccB  of  liie  crysiiil,  the  poinia.  wlicre  ihey 
*^-  meel  tlie  surface  of  llie  aplierc,  will  be.  na 

before  ileflneii.  Ihe  po/M  oF  the  ri-npective 
fiii-fS.  Fi.r  <'»«niple,  in  Y\s.  M,  tlie  corn. 
moil  ceiitiT  iif  I  hf  crystal  iind  sphere  isiilO. 
Uie  tiormiil  let  the  fneu  b  iiiei-tn  the  eutrnce 
nf  the  sphere  nl  B.  of  V  at  B',  of  d  sli]  t 
lit  D  find  E  respectively,  mid  so  ou.  These 
poli-s  evMciiily  deiermine  tlie  posjtiou  of 
the  fiice  In  eiich  case. 

It  is  ubvioiis  itiHi  the  pole  of  Ihe  fuce  V 
(diO)  opposite  A  (010)  will  bent  Ibeopiiosile 
I  exir.  rally  of  (be  diatiiiter  of  thr  sphere,  and 
so  in  general  fur  (120)  und  (120|,  etc.  It 
is  seen  niso  that  idl  Ibe  poles,  or  uormal 
imliiig.  of  faces  in  the  snme  tone,  that  ts, 
fnccs  nliose  inierseclioo. lines  are  parallel, 
nie  ill  the  rame  greiii  circle,  for  insiiince 
fl  (010).  i)(l  lOi.  X(100i.  iF  (1 10).  and  so  on. 
Il  is  cusloitiiiry  in  Ihe  iisi^  of  tiie  xpliere 
(o  retard  it  as  projected  ujion  h  horizonlul 
plane,  usually  Ihnl  mirmiil  tn  the  pHsnifltic 
zone,  so  that,  as  in  Fig  0.5.  the  poles  of  the 
prismatic  fiices  lie  in  the  cireunifereiice  o( 
the  elide,  and  thnae  of  the  otiier  faces  with- 
in it.  Tlie  eye  heing  supposed  to  lie  sitiinii  d 
ir  of  tbe  sphere  normal  to  this  plane,  the  great  circles 
|.p.-»i  ciLii,;!  ,is  ari.-'  oi  cirties,  or  as  stn light  lilies,  »«..  iliitiiicteTS 
will  be  fiinher  obvious  from  Fig.  61  ihat  tile  arc  l(D,  tietween  the  t>oles  of  6  iind  d, 
Ti's  an  ingle  at  the  center  (ROD),  which  is  the  tuppleaunt  of  the  actual  ititerior  angle 
■iween  th..-  two  faces ;  and  IhU  la  Inie  in  freneral. 

Oonstraetlon  of  th*  Spberisal  Projaetion.— Since  in  the  method  ordinarily  followed  the 
>f  the  prismatic  faces  lie  in  the  circnmfirenee  of  llic  circle.  Iliclr  |io5.iiior  is  fli.-d  al 
ly  th'^  angles  Isd  off.  t.g.  from  100,  wiili  a  protractor.  Further.  Ihe  diBlanre*  of  ibe 
if  all  f«(«*  measured  from  tlii'  renter  of  tlie  eii-cle  (which,  whi-n  Ihi-  verticid  :ixis  is 
It  angles  to  those  In  Ihc  lateral  pisiif,  Is  tlie  pole  nf  thi;  biiae  001)  are  pioimnional  to 
uffnd  of  half  lAe  nngUt.  For  example,  lo  cinsHiicI  the  spbericiil  projection  of  Fig. 
-  ■  -■  lint  circle,  and  lay  off  on  the  einiimferenie,  from  a  po  ut  taken  as  100,  the 
«  characteristic  of  this  species  (.-hrysollie): 

=  84*  58';        ai,  100  a  120  =  42*  58  ;        oi.  100  A  010  =  BO*. 


extremity  of  ilie 


r  disianc 

oM,  100  a  110  = 


28  CKY8TALL00BAPHT, 

The  position  Of  ibe  poles  of  ibe  faces  a  (100).  m(110).«(t30|,  6(010)  are  tbus  fixed.  Tbe 
poles  of  tUe  other  faces  of  tbese  forms  are  obviouslj'  fixed,  a',  m',  «',  b',  m",  i",  m".  «'",  by 
tbe  syuimetry.  Agalu,  to  find  the 
pole  of  d  (lOI).  which  lies  ou  the 
great  circle,  or  zone,  a  (100),  e  (001), 
a'  (!00)  (for  which  k=Oi:  since  e 
(001)  A  <*  (101)  =  51°  38",  ibe  distance 
ed  la  proportional  to  the  Imieent  of 
iibV  8S I  or  ^°  4(1)',  that  Is.  U.tilS  of 
the  radius  ca.  Similailyfor  A  (Oil) 
and  k  (031)  on  tlie  zoue-clrcle  e  (001). 
b  (010),  Biuce  eA  (001  a  Oil)  =  30'  281' 
and  ek  (001  A  021)  =  49''  Sff,  the  dis- 
tBD(%3  are  proportional  lo  the  (angeuta 
oF  half  these  angles  respectively.  So 
b  also  from  t lie  angles  u  (001  a  111)  = 
W  15'  and  ef  (001  A  121)  =  60*  SOJ' 
the  distances  on  the  correspoading 
zone-circtes,  e  (001)  m  (110)  and  e 
(001)  t  (130).  may  bi.'  determined.  In 
practice,  however,  Ibese  last  st 


e  if  tlie 


through  b  (010),  d  (101),  V  (OlO)  is 
drawu.  It  gives  the  zone-circle  for  all 
tbe  fiices  for  wbicb  h  =  l;  similarly 
that  through  a  (100).  A  (Oil)  a'  (lOO) 
J,  give  the  zone  circle  for  the  planes  for 

which  k  =  I,  while  Ihnt  tlirough  a 
(too),  k  (021).  a'  (iOO)  gives  the  zone-circle  for  tbe  planes  having  k  =  2l.  The  Intersection- 
points  between  Ibese  last  arcs  and  ibat  first  drawn  fixes  ibe  iKidtlons  of  «  (111)./(I21). 
each  of  which  satisGes  tbe  two  relations.  Further,  thi-ough  these  same  points  must  {wa 
tbezoDC-circte  e  (001),  m(llO).  for  which7i  =  4.  aud  e  (001),  «  (120),  for  which  A  =  2ft,  thus 


the  intersection  of  either  two  of  tbe  three  zi 

100,  031,  100       010,  401.  OiO       001.  480.  OOl. 
In  general  any  face,  hkt,  must  lie  iu  the  Ihrec  zone-circles 

100,  OH.  100.         010.  AM.  010,         001,  A*0,  001. 


Some  further  points  in  regard  to  the 


iiiul  i> 


e  obliijuu  are  added  In  Appeinlix  A. 


of  the  spherical  projeclloo  when  the 


41.  Angles  between  Facei.— The  angles  most  conveniently  used  with  the 
Miller  synihols,  and  those  given  in  this  work,  are  the  normal  angles,  that 
is,  the  iinglea  between  the  poles  or  normals  to  the  faces,  measured  on  arcs  of 
great  circles  joining  the  poles  as  shown  on  the  spherical  projection.  These 
normal  angles  are  the  supplements  of  the  actual  interfacinl  angles,  as  has  been 
explained. 

The  relations  between  tlicsc  normal  angles,  for  example  in  a  given  zone,  is  much  simpler 
than  IJKise  existinf;  helween  the  actual  Inlerfacial  nngles.  Thus  it  is  alwnys  true  Ibat,  for  a 
series  of  faces  in  the  same  zone,  the  normal  angle  between  two  end  faces  is  equal  lo  the  sum 
of  tbe  angles  of  faces  falling  between.  Thus  (Figs.  02.  65)  the  normal  angle  of  ab  (100 
A  010)  is  the  sum  of  am  (100  A  HO),  ™  (110  a  120),  and  »ft(120  a  OlO).  This  relation  holds 
true  iu  all  the  systems. 

Furlbcrmore,  it  will  lie  seen  that,  supposing  aai'  {Fig.  85)  a  plane  of  symmetry  as  in  the 
orlhorhombic  system,  the  angle  100  a  HO,  or  um  (Fig.  62).  is  half  the  angle  1 10  a  110  (mm'") 
BimilnrtyOlOA  ISO  (6»)  is  halt  ibe  anfjie  120  a  130  (».'):  again.  100  a  HI  (-m)  la  tbe  com- 
pkroent  of  half  the  angle  111  A  IH  (M')and  010  A  111  (i«)  the  com  pie  mem  of  half  thcanrie 
111  Alii  {*!"')■" 

Here,  as  throughout  this  work,  tbe  sign  A  Is  tiaed  to  repreaeat  tbe  angle  between  two 
faces,  usually  designated  hj  letters. 
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42.  Use  of  the  Spherical  Projection  to  Exhibit  the  Symmetry. — The  sym- 
metry of  any  one  of  the  crystalline  groups  may  be  readily  exhibited  by  the  help 
of  the  spherical  jwojection,  following  the  notation  introduced  by  Gadolin 
(1871,  see  p.  22^. 

The  axes  of  binary,  trigonal,  tetragonal,  hexagonal  symmetry  are  represented 

respectively  by  the  following  signs:  ^A  ^  #.  Further,  a  plane  of  symmetry 
is  represented  by  a  full  line  (zone-circle),  while  a  dotted  line  indicates  that  the 
plane  of  symmetry  is  wanting.  The  position  of  the  crystal) ographic  axes  is 
shown  by  arrows  at  the  extremities  of  the  lines.  The  pole  of  a  face  in  the 
upper  half  of  the  crystal  (above  the  plane  of  projection)  is  represented  by  a 
cross;  one  below  by  a  circle.  If  two  like  faces  fall  in  a  vertical  zone  a  double 
sign  is  used, a  cross  within  the  circle.   Figs.  69,  111,  125,  etc.,  give  illustrations. 

43.  General  Belations  between  Planes  in  the  Same  Zone.— ft  may  be  demon- 
strated that  if  on  a  crystal  two  faces  P  {hkl)  and  R  (pgr)  lie  in  the  same  zone, 
then  the  following  equation  must  hold  good  : 

ua  cos  XQ  +  yb  cos  YQ  +  wc  cos  ZQ  =  0, 

where  \x  =  kr  ^  Iq,        y  =  Ip  —  hr,        w  =  hq  —  kp. 

The  letters  u,  v,  w  are  called  the  symbol  of  the  zone  or  great  circle  PR. 
Every  face  (xyz)  of  this  zone  must  satisfy  the  equation 

ua;  +  vy  +  W2;  =  0. 

If  now  (uvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  intersecting 
it,  then  the' point  of  intersection  will  always  be  the  pole  of  a  possible  crystcH 
face.  Its  indices  (hkl)  must  obviously  satisfy  two  equations  similar  to  (1). 
These  indices  are  hence  equal  to 

7*  =  gv  —  f  w,        i  =  ew  —  gu,        /  =  f  u  —  ev. 

The  application  of  this  principle  is  extremely  simple,  and  its  importance 
cannot  be  overestimated. 

The  zone-symbols  can  be  always  obtained  by  arrangiog  tbe  symbols  of  Ibe  two  faces  in 
order,  repeating  tbe  first  two  indices  and  tbeu  muliiplyiug  according  to  tbe  following 
scheme : 

h       k       I       h       k 

XXX 

p       g       r       p       g 

Hence  u  =  *r  -  ^ ;       y  =  lp^hr;       w  =  hg  -  kp. 

44  EzamplM  of  Zonef  and  Zonal  Bolationi.— Tbe  following  are  cases  iu  which  the  zonal 
equation  is  seen  Ht  once.  In  Fig.  62,  p.  27,  the  faces  a  (100),  m  (110).  8  (120).  b  (010).  form 
a  vertical  zone  with  mutually  parallel  intersections,  since  they  are  aliive  in  position  in  so  far 
as  this :  that  they  are  all  parallel  to  tbe  vertical  axis ;  that  is,  for  all  facts  in  this  zone  it 
must  be  true  that  ;  =  0. 

Atrain.  tbe  faces  a  (100),  d  (101),  c  (001)  are  in  zone,  all  beinj^  parallel  to  a  lateral  axis  b: 
hence" for'them  and  all  others  in  this  zone  A:  =  0.  Also  b  (010),  k  (021),  /<  (Oil),  c  (001)  are 
in  a  zone,  all  Ijefng  paralle)  to  the  axis  <?,  so  tlmt  A  =  0.  _ 

Also  Ibe  fairs  ^(121).  e  (HI),  d  (101),  e"'  (HI)./' '  (121)  are  iu  a  zone,  since  they  have  a 
common  ratio  ffii  Ihi  axes  a  :  e     With  them,  obviously,  h  =  I. 

Tbe  faces  c  (IVt)  e  (HI),  m  (110)  are  also  in  a  zone,  and  again  e  (001),  /(121),  s  (120). 
thouffb  interaeclf  »UB  do  not  happen  to  be  made  between  c  and  e  in  the  one  case,  and  e  and 
/in  tbe  olbcr.  1  'nr  each  of  these  zones  it  is  true  that  there  is  a  common  mtio  of  the  lateral 
axes,  that  is,  oi  iU)  k  in  tbe  symbols.  For  the  first  it  may  be  shown  that  h  =  k;  for  the 
secoDd,  that  2A :-  ft 
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1        2 
=  1        w  =  0: 


.'.  2A-k  =  0.OT2A  =  k. 


The  symbol  of  a  face  lying  aX  onc«  <□  two  zones,  as  stnted  aboTe,  must  sntlBfy  Ihe  zonal 
equation  of  each  ;  these  symbols  are  bence  eusily  obiaioed  either  by  combining  the  equa- 
tlous  or  by  a  scheme  of  mulllpliCHilou  like  tliut  gfTeu  above. 

For  exatnule,  in  Fig.  66,  of  sulphur,  lUe  face  letiered  a:  la  In  tbe  zone  (1)  with  6  (0.0)  and 
I  (113),  also  in  zone  (2)  with  p  (111)  aad  n  (Oil).    These  zones  give,  rwpeciively : 
(I)     0       1       0       0       1  (2)     1        1        1        1        1  60. 

XXX. 


1 


XXX 

18        11 


i 


u  =  8.    T  =  0, 


i»  =  i. 


«  =  0.    /=I.     17  =  1. 

=  1:  [oT(2)k  =  l.    Com. 


Hence  for  (I)  llie  zonal  eqiialfou 

biniug  these,  we  obiain  h  =  '[,  k  =  a,  i  :^a. 

The  symbol  of  Ihe  face  «  is,  therefore,  133. 

The  same  result  Is  given  by  rauliiplying  Ihe  zonal  Indices  Oil, 
' )d,  thus: 


801,  together  after  the  same  method,  i 


1 


XXX 

0      1      3      0 


This  melhod  of  calculalion  belongs  to  all  Ihe  different  s^lems.  In  tbe  hexagonal 
system,  in  which  there  are  four  indices,  one  of  the  three  referring  to  the  lateral  axes  (usu- 
ally the  third)  is  rimitled  when  the  zonal  relatiuua  nre  applied.     See  Art.  180. 

46,  Methods  of  Calculation. — In  general  the  angles  between  the  poles  cao  be 
calculated  by  the  methoiJe  of  Hphericid  trigonometry  from  the  triangles  shown 
in  the  sphere  of  projection  {Fig.  65)— which  for  the  moat  part  are  right- 
angled.  Certain  fundamental  relations  connect  the  axes  with  the  elemental 
angles  of  the  projection  ;  the  moat  important  of  these  are  given  under  the 
individual  syetema.     Some  general  relations  only  are  explained  here. 

46.  Kelation  between  the  Indices  of  a  Plane  and  the  Angle  made  by  it  with 
the  Axes. — When  the  assumed  axes  are  at  right  angles  to  each  other  they  coin- 
cide with  the  normals  to  the  pinacoid  faces  (100, 
010,  001),  and   conaequeiitly  meet  the  spherical  67. 

surface  at  their  poles.     When  the  axial  angles  are  z 

not  90°,  this  is  no  longer  true.  In  all  cases,  how- 
ever, the  following  relation  holds  good  between  the 
cosines  of  the  angles  made  by  a  plane,  HKL,  with 
the  axes : 


This  is  equivalent  to 


OL  -  «"  '^■ 


X  CO*  PX  =  T  CM  PY  =  7  C08  PZ. 
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This  equation  is  fandamental,  and  soveral  of  the  relations  given  beyond  are 
deduced  from  it. 

Tbe  most  useful  applicatioD  is  that  wheD  the  axial  angles  are  90°;  then  X,  Y,  Z  are  the 
poles  of  100,  010,  001,  respectively.  Also  if  the  plane  HKL  is  taken  as  a  face  of  the  unit 
pyramid,  that  is,  if  its  intercepts  on  the  axes  are  taken  as  the  unit  lengths 

OH  =  a,        OK  =  6,        OL  =  c. 

Then  the  Hues  HE,  UL,  EL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
the  three  axial  planes,  and  their  poles  are  hence  at  the  points  fixed  by  normals  to  these 
lines  drawn  from  O.  It  will  be  obvious  from  this  figure,  then,  that  the  following  relations 
bold  true : 

Un  (100  A  110)  =  ^\ 

tan  (001  A  101)  =  -; 

a 

tan  (001  A  Oil)  =  ~. 

These  values  are  often  used  later. 

47.  Cotangent  and  Tangent  Belations. — If  the  angles  between  the  poles  of 
three  faces  in  a  zone  are  known,  the  angle  between  any  one  of  them  and  the 
pole  of  a  fourth  face  can  be  calculated  by  a  formula  called  the  cotangent  for- 
mula. Conversely,  if  the  angular  position  of  this  fourth  face  is  given,  the  ratio 
of  its  indices  can  be  calculated. 

Let  P.  O,  S,  R  be  the  poles  of  four  faces  in  a  zone,  taken  in  such  an  order  *  that  PQ 
<  PR,  and  let  the  indices  of  these  face^  be  respectively  : 

P         Q  R  S 

hkl      pqr       t/vto       xyn 
Then  it  may  be  proved  that 

68  cot  PS-cotPR_(P.Q)     (8.R) 

cot  PQ  -  cot  PR~  (Q.R)  •  (P.8) ' 


where 


(P.Q)  _  kr-lq  _  Ip  -  hr  _  hq  -  kp 
(Q.R)  "qw— rv'~ru  —  pw'~pf>  — qu* 

(8.R)  __  toy  —  zv  _  «M  —  arw  _  ajtj  —  yt« 
(P  8)  "  Ja-ly  "  TT^niz  "  hy  -  kx 

If  one  of  these  fractions  reduces  to  an  indeterminate  form,  j-,  then  one  of 

the  others  must  be  taken  in  its  place. 

This  formula  is  chiefly  used  in  the  monoclinic  and  triclinic  systems ;  and  some  special 
case^  are  referred  to  under  these  systems. 

The  cotangent  relation  becomes  much  simplified  for  a  rectangular  zone,  that  is,  a  zone 
between  a  pinacoid  and  a  face  in  the  zone  of  the  other  pinacoids  at  right  angles  to  it.  Thus 
if  Pa,  Pft,  re,  Qa,  (^b,  Qc  represent  respectively  the  angles  between  two  faces  in  the  same 
rectnngular  zone,  viz.,  P  (hkl)  and  Q  (pqr)  and  the  pinacoids  a  (100),  b  (010),  o  (010),  the 
following  relations  hold  good : 

h    tan  Pa       k      I 

p  *  tan  Qa  ~*  q~~  r' 

h        k   tnn  Vb      I 


_ . 


p        q'  tan  Q6      r' 

h_k_l     tan  Pc 
p  ~"   q~  r  '  tan  Qc' 


*  In  the  application  of  this  principle  it  is  essential  that  the  planes  should  be  taken  in  the 
proper  i)rder,  as  shown  above ;  to  accomplish  this  it  is  often  necessary  to  use  the  indices 

and  conesponding  angles,  not  of  (hkl),  but  the  face  opposite  (hkC),  etc. 
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As  a  further  simplification  of  the  above  equations  for  the  case  of  prismatic  planes  fM 
and  pgO,  or  domes  ?iOl  and  pOr  or  Okl  and  Oqr,  between  two  pinacoid  planes,  we  have 

tan  (100  A  hkO)       k     p 


tan  (100  A  pqO)       h 

•   «• 

tan  (001  A  AO/)  _  h 

r 

tan  (001  A  pOr) ""  i  ' 

p' 

tan  (001  A  0*0      A; 

r 

tan  (001  A  0^)  ""  i  *  g ' 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pris- 
matic plane  or  dome. 

The  most  common  and  important  application  of  this  tangent  principle  is  where  the 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 

tan  (100  A  AAK))  _  k  tan  (010  a  hhXi)  _  h 

tan  (100  A  HO)  ""  li      ®'     tan  (010  A  HO)  ~  *' 

tan  (001  A  h^l)  _  h  tan  (001  A  Okl)  _  k 

^^'  tan  (001  A  lOU  "  V  tan  (001  a  OH)  ■"  T 

Thus  the  tangents  of  angles  between  the  base,  001,  and  102,  203,  802,  201,  etc.,  are 
respectively  i,  {,  f,  2  times  the  tangent  of  the  angle  between  001  and  101.    Again,  the 


one- 


tangent  of  the  angle  100  A  120  is  twice  the  tangent  of  100  a  HO  [here  j  s=  2],  and 

half  the  tangent  of  010  A  HO. 

48.  Formalas  for  Bpherieal  Trianglei.—For  conyenience,  some  of  the  more  important 
formulas  for  the  solution  of  spherical  triangles  are  here  added. 

In  right-angled  spherical  triangles  C  —  90°. 

sin  a  ,     n     sin  h 


sm  K 

sm  A 

tan  b 

008-4= r, 

tan  A 

n     tan  a 
tan  A 

»»"  ^  -  sin  V 

»     tan  6 
tan  JB=-; — , 
sm  a 

_.       -         COS  5 
BID  A  = T", 

COS  b 

,      „      COS  ^ 

sin  B  = ^ 

COS  or 

COS  A: 

=  cos  a  cos  5, 

C08A  = 

=  cot  A  cot  B, 

In  obUqae-aogled  spherical  triangles  familiar  relations  are  as  foDowii 

(1)  sin  ^  :  sin  B  =  sin  a  :  sin  ft*; 

(2)  cos  a  =  cos  b  cos  e  -f  sin  6  sin  e  cos  A ; 
i3)  cot  5  sin  c  =  cos  c  cos  ^1  +  sin  il  cot  B ; 

(4)  cos  -4  =  —  cos  B  cos  C-f-  si"  B  sin  G  cos  a. 

In  calculation  it  is  often  more  convenient  to  use.  instead  of  the  latter  formulas,  those 
especifilly  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  devoted 
to  mathematical  formulas. 
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I.  ISOMETRIC  SYSTEM. 

49,  The  Isometric  System  embracea  all  tbe  forms  which  are  referred  to 
three  equal  axes  at  right  angles  to  each  other.  Each  of  these  ases  is  designated 
by  the  letter  a. 

There  are  five  groups  here  included,  of  which  the  normal  gronp,*  possessing 
the  higheet  degree  of  Bymmetry  for  the  system  and,  indeed,  for  all  crystals,  is 
by  far  the  most  important.  Two  of  the  other  groups,  the  pyritohedral  and 
t«trahe<iral  groups,  also  have  numerous  representatives  among  minerals. 

1.  NORMAL  GROUP  (1).  GALENA  TYPE. 

60.  Symmetry.— Of  each  of  the  types  of  solids  enumerated  in  the  following 
table,  as  belonging  to  this  group,  as  of  all  their  combinations,  it  is  true  t  that 
there  are  three  lifee  principal  planes  of  symmetry,  whose  intersections  fix  the 
position  of  the  cry  stall  ographic  aies  (see  Fig.  12,  p.  9).  There  are  also  six 
other  auxiliary  planes  of  symmetry  ;  these  are  situated  diagonally  to  the  others, 
each  two  equally  inclined  (45°)  to  the  adjacent  planes  of  chief  symmetry,  that 
is,  to  the  axial  planes. 

Further,  the  crystals  of  this  group  have  three  principal  axes  of  tetragonal 
nmmetry,  the  cubic  or  crystallographic  axes  ;  four  axes  of  trigonal  symmetry, 
tue  octahedral  axes  ;  six  axes  of  binary  svinmetry,  the  dodecaltedral  axes  (see 
Art.  16,  also  the  following  paragraph).  These  axes  are  shown  in  Figs.  17,  18, 
19,  p.  10. 

The  accompanying  spherical  projection  (Fig.  09),  constructed  in  accordance 
with  the  principles  explained  in  Art.  42,  shows  the  M. 

distribution  of  the  faces  of  the  general  form,  hhl, 
and  hence  represents  clearly  the  symmetry  of  the 
group.  Compare  also  the  projection  given  later. 
Fig.  110,  p.  4L 

61.  Fonni. — The  various  possible  forms  belong- 
ing to  this  group,  and  possessing  the  symmetry 
defined,  may  be  grouped  underseven  types  of  solids. « 
These  are  enumerated  in  the  following  table,  com- 
mencing with  the  most  simple.  The  symbols  are 
given  in  accordance  with  both  the  systems  of  Miller 
and  Nnumann;  also  the  full  expression  allowing  the 
genera)  positioD  of  the  planes  with  relation  to  the 
axes.  Ihe  last,  however,  are  reduced  to  the  form, 
corresponding  to  (2)  in  Art,  34,  which  shows  how  the  Naumann  symbols  are 
derived, 

*  It  ii  called  tutrmal,  ks  before  suited,  since  it  Is  ihe  most  coniinon  niiil  liencre  1>y  fur  Ilie 
moat  importani  ftroup  UDiler  llie  tiytitem  ;  nisn.  more  fundttineuiallf,  liecniise  llir  fnrms  here 
Includiird  pouesB  the  highest  gnAe  of  i>yutmeiry  pi><^!>ib1c  iti  tlie  Njstcm.  Tliere  an^  tive 
form*  ill  ihia  system,  each  geomelricnlly  n  ciiiw,  1'Ut  only  thiil  of  Uiis  B^rniHl  si-oup  iiciuiilly 
bu  the  rull  Bymmetry  ai  regards  molecular  siriictiire  whidi  its  geometricnl  slm|ie  siiicgesls. 
If  ft  crystal  Is  said  to  beloDg  lo  the  isometric  sysli-m,  wilLout  further  qiinlitieutitni,  ii  is  to 
be  understood  that  it  la  lociuded  here.  StmilarVcDinrka  a|>ply  lo  thi'  uoimai  groU]is  of  the 
Other  systema. 

ITne  ayiiiinetiT  of  the  normal  groups  of  the  diSereut  systema  has  beco  already  briefly 
.  atoed  In  Art  H. 
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Miller.  Nanmun. 

I.  Onbe (100)        ai  to  aim  a  co  0-x>  or  i-i 

%.  Octahedron (Ill)        a '.a:  a  Oor  1 

3.  Dodecahedron (HO)        a:a  looa  oo  0  or  t 

4.  TetrahexahedrOD {hi^)        a:na  iraa  oo  On  oi  i-n 

as,  {310}  »-3;  (210)  t-3;  (330)  t-|,  etc. 

6.  Trisoctabedron (hhl)        a:  a;  ma  mO  or  m 

as,  (331)  3;  {221)  2;  (332)  |,  etc 

6.  Trapezohedron {hll)         a:  ma;  ma  m  Om  or  m-m 

as,  (311)  3-3;  (211)  2-3;  (332)  j-J,  etc 

7.  Hexoctahedron {hkl)        a:na:ma  m  On  or  m-n 

as,  (421)  4-2;  (321)  3-},  etc. 
Id  the geaeral  expreadoa  ot  Miller's symbola,  h>  k>  I.  la  tboie of  NaiimanD,  m  >  1. 
AtUniioD  b  called  to  the  leltera  uDiformly  uBed  Id  tbia  work  and  in  Daoa's  Bjatem  of 
Mineralogj  <18Q3)  to  designate  certaio  of  ibe  isometric  fomu.*    They  are : 

Cube:  a. 

Octahedron :  0. 

Dodecahedron  :  d, 

Teir&hexahedroDS :  e  =  StO,  f-a  :  f=SlO,i-S;    g  =  Si9.i-ii    A  =  410.  f-L 

Trisocttiliedrons :  p  =  221,  2 ;    9  =  831.3;    r  =  88S,li    p  =  441,4. 

Trupezohedrons:  m  =  3U,  8-3;     n  =  211.a-a;    jtf  =  32i',  |-l- 

BeiociabedrotiB :    1  =  321,  8-| ;     ( =  421,  4-2. 

52.  Cabe. — The  cube,  whoee  general  symbol  is  (100),  is  shown  in  Fig.  70. 
It  is  bounded  by  sis  similar  faces,  each  parallel  to  two  of  the  axes.  Each  face 
ia  a  square,  and  the  interfacial  angles  are  all  90°.  The  faces  of  the  cube  are 
parallel  to  the  principal  or  axial  planes  of  symmetry.  The  lines  joining  the^ 
opposite  solid  angles  of  the  cube  are  called  the  octahedral  or  trigonal  interl 
axes  ;  those  joining  the  middle  points  of  opposite  edges  are  the  dodecahedral 
interaxea  (see  Figs,  17,  18,  p.  10). 

53.  Ootahedron,— The  octahedron,  shown  in  Fig.  71,  has  the  general  symbol 
(111).    It  is  bounded  by  eight  similar  faces,  each  meeting  the  three  axes  at 


_,--' 

lOOl 

^ 

uo 

010 

,^-^ 

^-^ 

equal  distances.     Each  face  is  an  equilateral  triangle  with  plane  angles  of  60'Y 
The  normal  interfacial  angle,  (HI  A  111),  is  70°  31'  44". 

54.  Dodecahedron. — The  rhombic  dodecahedron,  shown  in  Fig.  73,  has  the 
general  symbol  (110).    It  is  bounded  by  twelve  faces,  each  of  which  meets  two 


I80MBTB1C  SYSTEM. 


35 


of  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis.  Each  face  is  a 
rhomb  with  plane  angles  of  70J°  and  109^°.  The  real  or  interior  interf acial  angle 
is  120^y  or  the  angle  between  two  adjacent  poles,  that  is,  the  normal  interfacial 
angle,  is  60°.  The  faices  of  the  dodecahedron  are  parallel  to  the  six  auxiliary, 
or  diagonal,  planes  of  symmetry. 

It  will  be  remembered  that,  while  the  forms  described  are  designated  re- 
spectively by  the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the 
forms  has  its  own  symbol.     Thus  for  the  cube  the  six  faces  have  the  symbols 

100,   010,   001,   ioo,   010,   ool. 

For  the  octahedron  the  symbols  of  the  eight  faces  are  : 

Above  111,    ill,    ill.    111; 
Below  lli,    ill,    111,    111. 

For  the  dodecahedron,  the  symbols  of  the  twelve  faces  are  : 

110,  iio,  iio,  lio, 
101,  loi,  lol,  loi, 
on,   oil,   oil,   oii. 

These  should  be  carefully  studied  with  reference  to  the  figures  (and  to 
models),  and  also  to  the  spherical  projection  (Fig.  110).  The  student  should 
become  thoroughly  familiar  with  these  individual  symbols  and  the  relations  to 
the  axes  which  they  express,  so  that  he  can  give  at  once  the  symbol  of  any  face 
required. 

55.  Combinatioiis  of  the  Cube,  Octahedron,  and  Dodecahedron.— Figs.  73, 74, 
76  represent  combinations  of  the  cube  and  octahedron  ;  Figs.  76,  79,  of  the 
cube  and  dodecahedron  ;  Figs.  77,  78,  of  the  octahedron  and  dodecahedron  ; 
finally.  Figs.  80, 81  show  combinations  of  the  three  forms.    The  predominating 


73. 


74. 


76. 


^ 


\J\-JJ 


form,  as  the  cube  in  Pig.  73,  the  octahedron  in  Fig  75,  etc.,  is  nsudly  said  to 
be  modified  by  the  faces  of  the  other  forms.  In  Fig.  74  the  cube  and  octa- 
hedron are  said  to  be  'Mn  equilibrium,'^  since  the  faces  of  the  octahedron  meet 
at  the  middle  points  of  the  ed^es  of  the  cube. 

It  should  DC  carefully  noticed,  further,  that  the  octahedral  faces  replace 
the  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adjacent 
cubic  faces,  as  shown  in  Fig.  73.  Again,  the  square  cubic  faces  replace  the  six 
solid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent  octahe- 
dral faces  (Fig.  75).    The  faces  of  the  dodecahedron  truncate  *  the  twelve 


*  The  words  truncate,  truncation,  are  used  only  when  tbe  modifying  face  makes  equal 
aa^ei  with  tlie  adjsoent  similar  faces. 
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similar  ed^es  of  the  cube,  as  shown  in  Fig.  79.  They  also  trnncate  the  twelve 
edges  of  the  octahedron  (Fig.  77).  Further,  in  Fig.  76  the  cubic  faces  replace 
the  six  tetrahedral  solid  angles  of  the  dodecahedron,  while  the  octahedral  faces 
replace  its  eight  trihedral  solid  angles  (Fig.  78). 


76. 


77. 


78. 


79. 


80. 


8U 


::.:^ 


The  normal  interfacial  angles  for  adjacent  faces  are  as  follows  : 

Cube  on  octahedron,  wo,  100  A  111  =  54*"  44'  8", 

Cube  on  dodecahedron,  ad,  100  A  110  =  45*"    0'  0". 

Octahedron  on  dodecahedron,  od,  111  A  110  =  35"*  15'  52". 

66.  As  explained  in  Art.  18,  actual  crystals  always  deviate  more  or  less  widely 
from  the  ideal  solids  figured,  in  couFequence  of  the  unequal  development  of  like  faces. 
Such  ciysials.  therefore,  do  not  satisfy  ihe  geometrical  definition  of  right  symmetry  rela- 
tively to  the  three  principal  and  the  six  auxiliary  planes  mentioned  on  p.  33,  but  they  do 
confo  m  to  the  conditions  of  crystallographic  symmetry,  requiring  like  angular  position  for 
similnr  faces.  Again,  it  will  be  noted  that  in  a  combination  form  many  of  the  faces  do  not 
actually  meet  the  axes  within  thn  crystal,  as,  for  example,  the  octahedral  face  o  in  Fijr.  73. 
It  is  still  true,  however,  that  this  face  would  meet  the  axes  at  equal  distances  if  prodiiced; 
and  since  the  nrial  ratio  is  the  essential  point  in  the  case  of  each  form,  and  the  actwil 
lengths  of  the  axes  are  of  no  importance,  it  is  not  necessary  that  the  faces  of  the  diffennt 
forinsi  n  a  crystal  should  be  referred  to  the  same  actual  nxial  length?.  The  above  remarks 
wi  1  be  seen  to  apply  also  to  all  the  other  forms  and  combinations  of  forms  described  in  the 
pages  following. 

57.  Tetrahexahedron.— 'The  tetrahexahedron  (Figs.  82,  83,  84)  is  bounded 
by  twenty-four  faces,  each  of  which  is  an  isosceles  triangle.  Four  of  these 
faces  together  occupy  the  position  of  one  face  of  the  cube  (hexahedron)  whence 
the  name  commonly  applied  to  this  form.  The  general  symbol  is  (IikO), 
lience  each  face  is  parallel  to  one  of  the  axes  while  it  meets  the  other  two  axes 
at  unequal  distances.  There  are  two  kinds  of  edges,  lettered  A  and  C  in  Pig. 
82  ;  the  interfacial  angle  of  either  edge  is  sufficient  to  determine  the  symbol 
of  a  given  form  (see  below).  The  angles  of  some  of  the  common  forms  are 
given  on  a  later  page  (p.  42). 
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Tbere  may  be  aa  indefiQite  number  of  tetrahexaliedrons,  as  the  ratio  of  the 
intercepts  of  the  two  aiea,  and  hence  of  A  to  i  varies  ;  for  example,  (410), 
(310),  (210),  (320),  etc.  The  form  {aiO\  is  shown  in  Fig.  82  ;  (4]())  in  Fig.  83, 
and  (530)  in  Fig.  64.  All  tlie  tetrahexanedrons  fall  in  a  zone  with  a  cubic  face 
and  a  dodecabedral  face.    Aa  h  increases  relatirel;  to  i  the  form  approaches 


the  cube  (in  which  A  :  i  =  cd  :  1  or  1 : 0),  while  aa  it  diminishes  and  becomes 
more  and  more  nearly  equal  to-i  in  value  it  approacheB  toward  the  dodeca- 
hedron ;  forwhichA  =  i.  CompareFig.  83  and  Fig.  84;  also  Fig.  IIO.  The 
special  symbols  belonging  to  each  face  of  the  tetrahexahedron  should  be  caro- 
fully  noted. 


The  facea  of  the  tetrahexahedron  bevel  •  the  twelve  similar  edges  of  the 
cube,  na  in  Fig.  85;  they  replace  the  aolid  anglea  of  the  octaliodrnn  by  four 
faces  inclined  on  the  edges  (Fig.  86),  and  also  the  tetrahedriil  solid  angles  of 
the  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig.  8T). 

88.  Trisoctahedron.— The  trisoctahedron  (Pig.  88).  or,  more  definitely,  the 
trigonal  trisoctahedron,  is  bounded  bv  twenty-four  simiLir  faces;  each  of  these 
is  au  isosceles  triangle,  and  three  together  occupy  the  position  of  an  octahedral 
face,  whence  the  common  name.  Further,  to  distinguish  it  from  the  trapezo- 
he<1ron  or  tetragonal  trisoctahedron,  it  is  sometimes  called  the  trigonal  trisocta- 
hedron. There  are  two  kinds  of  edsea,  lettered  A  and  B  in  Fig.  88,  and  the 
interfacial  angle  corresponding  to  either  is  sufficient  for  the  determination  of 
the  special  symbol. 


38 


CR\STALLOGRAPHT. 


The  general  symbol  is  {?ihl)  ;  common  forms  are  (221),  (3^1),  etc.     Each 

88.  89.  9a 


Galena. 


face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  unity 

and  the  third  at  the  unit  length,  or  (which  is  an  identical  g^ 

expression  *)  it  meets  two  of  the  axes  at  the  unit  length 

and  the  third  at  a  distance  greater  than  unity.     The 

symbols  belonging  to  each  face  should  be  carefully  noted. 

The  normal   interfacial   angles  for  some  of   the   more 

common  forms  are  given  on  a  later  page. 

59.  Trapezohedron. — The  trapezohedron  f  (Figs.  92, 
93)  is  bounded  by  twenty-four  similar  faces,  each  of  them  a 
quadrilateral  or  trapezium.  It  also  bears  in  appearance  a 
certain  relation  to  tne  octahedron,  whence  the  name,  some- 
times employed,  of  tetragonal  trisoctahedron.  Tliere  are 
two  kinds  of  edges,  lettered  B  and  C,  in  Fig.  92.  'J'he 
general  symbol  is  hll;  common  forms  are  (311),  (211),  (322),  etc.  Of  the  faces, 
each  cuts  an  axis  at  a  distance  less  than  unity,  and  the  other  two  at  the  unit 
length,  or  (again,  an  identical  expression)  one  of  them  intersects  an  axis  at  the 


Galena. 


92. 


93. 


94. 


Analcite. 

unit  length  and  the  other  two  at  distances  greater  than  unity.     The  symbole 
belonging  to  each  face  should  be  carefully  noted.    The  normal  interfacial 

*  Since  ^a :  \b i  \c  =  la :  lb:  2e,  The  student  should  read  again  carefully  the  explana- 
tions in  Art.  34. 

t  It  will  be  seen  later  that  the  name  trapezohedron  is  also  given  to  other  solids  whose 
faces  are  trapeziums,  conspicuously  to  the  tetragonal  trapezohedron  and  the  trigonal 
trapezohedron. 
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angles  for  some  of  the  common  forms  are  given  on  a  later  page.    Another  name 
for  this  form  is  icositetrahedron. 

60.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc.,  should 
be  carefully  studied.  It  will  be  seen  (Fig.  89)  that  the  faces  of  the  trisocta- 
hedron  replace  the  solid  angles  of  the  cube  as  three  faces  equally  inclined  on 
the  edges.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
equ^ly  inclined  to  the  cxxhio  faces  (Fig.  94). 


96. 


96. 


97. 


Anaklte. 


Gkroet. 
100. 


Spinel 


Magnetite. 


Amalgnm. 


Again^  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron 
(Fig.  90,  also  Fig  91,  with  p  (221)  and  u  (554) ),  while  those  of  the  trapezo- 
hedron are  triangles  inclined  to  the  faces  at  the  extremities  of  the  cubic  axes 
(Fig.  98).  Still  again,  the  faces  of  the  trapezohedron  (211)  truncate  the  edges 
of  the  dodecahedron  (110),  as  shown  in  Fig.  97;  this  can  be  proved  to  follow 
at  once  from  the  zonal  relations  (Arts.  43,  44),  cf.  also  Fig.  110.  The  position 
of  the  faces  of  the  form  (311),  in  combination  with  o,  is  shown  in  Fig.  98;  with 
d  in  Fig.  99.  Fig.  100  shows  both  the  trisoctahedron  p  (221)  and  the  trapezo- 
hedron n  (211)  with  a,  o,  and  d. 

It  should  be  added  that  the  trapezohedron  n  (211)  is  a  common  form  both 
alone  and  in  combination;  m  (311)  is  common  in  combination.  The  trisocta- 
hedron alone  is  rarely  met  with,  though  in  combination  (Figs.  90,  91,  100)  it 
is  not  uncommon. 

61.  HexoctahedroD. — The  hexoctahedron,  Figs.  101, 102,  is  the  general  form 
in  this  system  ;  it  is  bounded  by  forty-eight  similar  faces,  each  of  which  is  a 
scalene  triangle,  and  each  intersects  the  three  axes  at  unequal  distances.  The 
general  symbol  is  {hkl)\  common  forms  are  (321).  shown  in  Fig.  101,  and 
(421),  in  Fig.  102.  The  symbols  of  the  individual  faces,  as  shown  in  Fig.  101 
and  more  fmly  in  the  projection  (Fig.  110),  should  be  carefully  studied. 
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The  hexoctahedron  lias  three  kinds  of  edges  lettered  A,  B,  C  (longer, 

middle,  shorter)  in  Fig.  103;  the  angles  of  two  of  these  edges  are  needed  to  fix 

the  symbol  unless  the  zonal  relations  can  be  made  use  of.    In  Fig.  104  the 

faces  of  the  hexoctahedron  bevel  the  dodecahedral  edges,  and  hence  for  this 

101.  102.  103. 


Garuct, 


Copper.  Giild. 

fo»m  h  =  k-\-l;  the  form  s  has  the  special  symbol  (^321).  The  hexocta- 
htraron  alone  is  a  very  rare  form,  but  it  is  seen  in  combination  with  the  cube 
(Fig.  103,  fluorite)  as  six  small  faces  replucing  each  solid  angle.  Fig.  104  is 
common  with  garnet;  Fig.  105  shows  a  combination  observed  in  native  copper 
(y  =  18-10-5),  and  Fig.  106  with  native  gold  (x  =  18-10-1).  The  angles 
of  some  common  hexoctahedrons  are  given  on  p.  43. 

107.  108.  109. 


62.  Some  further  examples  of  isometric  forms  a 
)9.    la  Fig.  107,  f  la  the  trapezohedron  (722) 


e  given  in  Figs.  107,  108, 
C  is  the  hexoctahedroD 
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(64  ■  63  ■  1),  this  last  beioe  called  a  vicinal  form,  since  it  deviates  but  sliglitly  in 
angnlar  position  from  tne  simple  form  ordinarily  occarring  (d,  110):  lietice 
the  complex  indieeB.  In  Fig.  108,  v  is  the  hezoctaliedron  (531).  In  Fig.  109, 
m  =  (311),  ;j  =  (321),  etc. 

63.  Fuudo-symmetry  is  the  laometrio  System. — Isometric  forms,  bj  develop- 
ment in  the  direction  of  one  of  the  cubic  axes,  simulate  tetragonal  forms. 
More  common,  and  of  greater  interest,  are  forma  simulating  those  of 
rhombohedral  symmetry  by  extension,  or  flattening,  in  the  direction  of  an 
octahedral  axis.  Both  these  cases  are  illustrated  later.  Conversely,  certain 
rhombohedral  forma  resemble  an  isometric  octahedron  in  angle  and  comiilei 
twinniug. 

64.  Spherical  Piojaotion.— The  spherical  projection,  Fig.  110,  shows  tbft 
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positions  of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (111),  and 
dodecahedron  (110);  also  the  tetrahesahedron  (210),  the  trisoctahedron  (221), 
the  trapezohedron  (211),  and  the  hexoctiihedron  (321). 

The  student  ahouM  study  Ihis  pTojcctinn  carefullv,  nnliiig  the  symmetry  marked  by  Ihe 
wine-circles  100.  001,  100.  and  100,  010.  100;  iilao  liy  110.  001,  110;  110.  001,  110;  010.  101, 
OiO;  010,  iOl,  OlO.  Note  fiirtber  tbnt  the  fiices  of  n  given  form  nre  Byinmeliirnlly  disirib- 
Uled  about  a  cuble  face,  ss  001;  ft  drdociilieilriil  face,  as  101  ;  ftn  octabedral  hce,  aalll. 

Note  fnrtber  the  ■yroboU  that  belong  to  the  Individual  faces  of  each  form,  compnrlng 
tbe  projeclioo  witb  tbe  figures  wblch  precede. 
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Finally,  note  the  promineut  iohm  of  planes;  for  example,  tbe  zone  between  two  cubic 
faces  including  a  dodecttliedral  face  and  the  faces  of  all  possible  tetrabexabednins.  Again, 
tbe  zones  Iroin  a  cubic  face  (as  001)  tbrougb  an  octabedml  face  (us  111)  pjuiaing  tbrougb  tbe 
trisoctubedrous,  as  113,  112.  228,  and  tbe  trapezoliedrons  382,  221,  331,  etc.  Also  tbe  zone 
from  one  dodecabedral  face,  as  110,  to  another,  as  101,  passing  tbrougb  321.  211,  312,  etc. 
At  ibe  same  lime  compare  these  zones  witb  tbe  same  zones  sbown  on  tbe  figures  alreadj 
described. 

65.  Angles  of  Common  Isometric  Forms.* 

Ietkahexahedrons. 

Edge  A  Edge  C  Angle  on  Angle  on 
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A  fuller  liBt  Is  given  in  tbe  Introduction  to  Dana's  System  of  Minermlogy,  ppi  sx-zziiL 
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2.  PTBITOHEDRAL  GROUP  (2).  PYRITE  TYPE. 

86.  Typical  Formi  and  Symmetry. — The  typical  forms  of  the  pyritohedrai 
group  are  the  pyriiohedron,  or  pentftgonal  aoiiecahedron,  Figs.  \Vi,  113, 
and  the  diploid,  or  djakiB-dodecaliedron,  Fig.  118.  The  symmetry  of 
these  forms,  as  of  the  group  as  a  whole,  is  as  follows:  There  are  but  three 
planes  of  symmetry;  these  are  panillel  to  the 
cubic  faces  and  coincide  with  tlie  planes  of  the 
cubic  axes.  The  three  crystal lographjc  axes  are 
Sias  of  binary  symmetry  only;  there  are  also 
four  aies  of  trigonal  symmetry  coinciding  with 
the  octahedral  axes. 

The  spherical  projection  in  Fig.  Ill  shows 
the  distribution  of  the  faces  of  the  general 
form  {hkl)  and  thus  exhibits  the  symmetry  of 
the  group.  This  should  be  carefiilfy  compared 
with  the  corresponding  projection  (Fig.  60)  for 
the  normal  group,  so  that  the  lower  grade  Oi 
symmetry  here  present  be  thoroughly  u  ndpfstood. 
Ill  studying  the  forms  described  and  illustrated 
in  the  following  pages,  this  matter  of  symmetry,  especially  in  relation  to  that 
of  the  normal  group,  should  be  continually  before  tlie  mind. 

It  will  be  observed  that  the  faces  of  both  the  pyritohedron  (Fig.  112)  and 
the  diploid  (Fig.  IIS)  are  arranged  in  parallel  pairs,  and  on  this  account  these 
forms  have  been  sometimes  called  parallel  hemihedrona.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  liemihedrism  call  this 
ty|>ei>arallel  faced  hemihedriem  or  pentagonal  hemihedrism. 

67.  Pyritohedron.— The  pyritohedron  (Fig.  112)  is  so  named  because  it  is 
a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bounded  by 
twelve  faces,  each  of  which  is  a  pentagon,  but  with  one  edge  {A,  Fig.  112) 
longer  than  the  other  four  similar  edges  (C).  It  is  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regular  dodecahedron  of 
geometry,  in  which  the  faces  are  regular  pentagons.  This  latter  form  is, 
however,  as  already  noted  (Art.  35),  an  impossible  fonn  in  crystallography. 


<^^V^ 


n 


The  general  STinbol  is  (AAO)  or  like  that  of  the  tetraheiahedron  of  the 
normal  group.  Hence  each  face  is  paritllel  to  one  of  the  axes  and  meets  the 
other  two  axes  at  onequal  distances.  Common  forms  are  (410),  (31U),  (210), 
(320),  etc.     Besides  the ^fus  pyritohedron,  as  (310),  there  is  also  the  comple- 
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mentary  minus  form*  sbown  in  Fig.  113;  the  a]'mbo1  is  here  (130).  Other 
uommoii  forme  are  (250),  (230),  (130),  etc. 

T!ie  plus  and  niiniiB  pyritohedrona  together  embrace  twenty-fonr  facee, 
having  tfie  Bame  position  as  the  twenty-four  like  faces  of  the  tetrahexahedroD 
of  the  normal  group, 

68.  Combmationi. — The  faces  of  the  pyritohedron  replace  the  edges  of  the 


116. 


117. 


cube,  but  make  unequal  angli 
baud,  when  the  pyritohedron 


with  two  adjacent  cubic  faces;  on  the  other 
modified  by  the  cube,  its  faces  trancate  the 
Cf.  Fig.  114. 
li'ig.  1^5  shows  t^e  combination  of  the  pyritohedron  and  octahedron,  and 


longer  edges  of  the  pentagons. 

Fig.  115  shows  tne  combination  of  the  pyritohedron 
II  Fig  116  these  two  forms  are  eqmally  developed.     The  resulting  combination 


bears  a  close  similarity  to  the  icosahedron,  or  regular  twenty-faced  solid, 
of  geometry  (see  Art.  35).  Here,  liowever,  of  the  twenty  faces,  the  eight 
uctaliedral  are  equilateral  triiuigles,  the  twelve  others  belonging  to  the  pyrit- 
ohedron are  isosceles  triangles.  Fig.  117  shows  a  number  of  pyritohedrons 
with  the  cube  (n),  namely,  h  (410),  e  (210),  j  (320),  and  the  minus  form 
X  (450). 

69.  Diploid. — The  diploid  is  bounded  by  twenty-four  similar  faces,  each 
meeting  the  axes  at  unequal  distances;  its  general  symbol  is  hence  {hkl),  and 
common  forms  are  (321),  (421),  etc.     The  form  (321)  is  shown  in  Fig.  US- 


the  symbols  of  its  faces,  as  given,  should  be  ciuefally  studied.  As  seen  in  the 
figure,  the  luces  are  quadrilaterals  or  trapeziums;  moreover,  they  are  gronped 
in  pairs,  hence  the  common  name  diploid.  It  is  also  called  a  dyakis- 
dodecahedron. 

■  Tlie  miDUS  farms  Id  this  niid  similar  cases  bftve  sometimes  dUtltict  letter*,  tomettmeb 
the  same  w  the  plus  form,  but  di«tliigul»lied  by  a  subscript  acceni,  m#  (210>  and  t,  (190). 
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The  complemetitar;  minns  form  bears  to  Fig.  118  the  eame  relation  as  the 
minus  to  the  plus  pyritobedron.  Its  faces  hare  the  symbols  313,  331, 123,  in 
the  front  octant,  and  similarly  with  the  proper  negative  siens  in  the  others. 
The  plus  and  minus  forms  together  obviously  embrace  all  the  faces  of  the 
hexoctahedron  of  the  normal  gronp. 


Pyrlle. 


Pyrite. 


Pyrlte. 


In  Fig.  119  the  plus  diploid  is  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  angles.  This  combination  form 
resembles  that  of  Fis;.  89,  but  the  threo  face§  are  here  unecjually  inclined 
upon  two  adjacent  cubic  faces.  Other  rombinations  of  the  diploid  with  the 
cube,  octahedron,  and  pyritohedron  are  ^ven  in  Figs.  120  and  131. 

70.  Other  Forms. — If  the  pyritohedral  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  axes,  it  is  seen  that  this  gymnietry  calls  for 
six  of  these,  and  the  resulting  form  is  obviously  a  cube.     This  cube  cannot  be 

124  distinguislied  geometrically  from  the  cube  of  the  normal 

group,  but  it,  has  its  own  characteristic  molecular  sym- 
metry. Corresponding  to  this  it  is  common  to  find  cubes 
of  pyrite  with  nue  lines  (striations)  parallel  to  the  alternate 
edges,  as  indicated  in  Fig.  124.  These  are  due  to  the 
partiiil  development  of  pyritohedral  faces  (310).  On  a 
normal  cube  such  atriations,  if  present,  must  be  parallel  to 
both  sets  of  edges  on  each  cubic  face. 
Similarly  to  the  cube,  the  remaining  forms  of  this  pyritohedral  group, 
namely,  (111),  (110),  (hhl),  {hll),  have  the  same  geometrical  form,  respectively, 
as  the  octahedron,  dodecahedron,  the  trlsoctahedrona  and  tra[iezohedron8  of 
the  normal  gronp.  In  molecular  structure,  however,  these  forms  are  distinct, 
each  having  the  symmetry  described  in  Art.  66. 

71.  Other  combinations  of  pyritohodrul  forms  are  shown  in  Figs.  122,  133, 
both  of  the  species  pvrite.  Fig.  123  is  dodecahedral  in  habit,  with  the  diploid 
t  (431),  the  trapezohedron  h  ("ill),  also  n  (100),  o  (111),  e  (210).  In  Fig.  133, 
a  single  angle  of  a  pyrite  crystal  is  repreaeuted  with  a  (100).  o  (111).  (/  (110); 
the  two  pyritohedrona  e  (310)  nnd  e,  (130) ;  the  trisoctabedron  p  (321) ;  the 
trapezohedrons  u  (211),  tu  (311);  the  diploids  .v  (331)    11'  (S.">1). 

This  species  iltustratea  well  the  complexity  that  may  be  obaerved  among 
the  crystals  of  a  given  mineral.  Not  only  is  there  wide  variation  in  habit,  but 
the  occurring  forma  are  also  very  numerous.  Thus  some  thirtv-fivs  pyrito- 
hedrona (-1- and  —)  have  been  noted  nnd  a  like  number  of  diploids;  also 
five  taiaoctahedrona  and  eleven  trapezohedrons. 
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3.  TETEAHEDRAL  GROUP  (3).  TETRAHEDRITE  TYPE. 

73.  Typical  Forms  and  Symmetry, — The  typical  form  of  this  group,  and 

I  at  from  which  it  derives  its  name,  is  the  lelrahedron,  ehov/n  in  Tigs.  1:^6, 

17.     There  are  also  three  other  distinct  forms,  shown  in  Figs.  133, 134,  135. 

The  symmetry  of  these  forms  is  that  which  is  characteristic  of  the  entire 

135.  group.   There  are  six  planes  of  symmetry,  parallel 

resiiectively  to  tlie   faces  of  a  rhombic  aodeca- 

heiiron,  but  no  planes  of  symmetry  parallel  to  tlie 

cubic  faces.     The  three  cubic  axes  are  axes  of 

binary  symnjetry  only,  and  the  four  octahedral 

axes  are  axes  of  trigonal  symmetry.     There  is  no 

center  of  symmetry. 

t        The  spherical  f.rojection  fFi^.  l*;.'))  shows  the 

distribution  of  the  faces  of  the  general  form  {/ikl) 

and  thus  exiiihits  the  symmetry  of   the   gronp 

It  will   be  seen  at  once  "that   the  like  faces  arc 

all  grnvppil  in  the,  nlteninle  nrlnnln.  and  this  will 

be    spon    to    bo    characterictic    of  all    the   forms 

peculiar  to  Ihis  group.     The   relation  Iwtwccn 

the  symmetry  here  described  and  that  of  the  normal  gronp  must  be  carefully 

Btudied. 

In  distinction  from  the  pyritoheilral  forms  whose  faces  were  in  parallel 
pairs,  the  faces  of  the  tetrahedron  and  the  analogous  solids  arc  incliiied  to 
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each  other,  and  hence  they  are  sometimes  spoken  of  as  inclined  hemi/iedrons, 
and  the  type  of  so-called  hemihedrism  here  illustrated  is  then  called  inclined 
or  tetrahedral  hemihedrism. 

74.  Tetrahedron. — The  tetrahedron,*  as  its  name  indicates,  is  a  four-faced 
solid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its  general 
symbol  is  (111),  and  the_  four  faces  of  the  plus  form  (Fig.  126)  have  the 
symbols  111,  ill.  111,  111.  These  are  four  of  the  faces  of  the  octahedron 
of  the  normal  group  (Fig.  7J),  and  those  four  which  belong  to  the  alternate 
octants  as  required  by  the  symmetry  already  defined. 

Each  of  tne  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  the 
(normal)  interfacial  angle  is  109°  29'  16".  The  tetrahedron  is  the  regular 
triangular  pyramid  of  geometry,  but  crystallographically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is  vertical. 


126. 


127. 


128. 


There  are  two  possible  tetrahedrons:  the  plus  tetrahedron  (111),  designated 
by  the  letter  o,  which  has  already  been  described,  and  the  mimis  tetrahedron, 
having  the  same_geometrical  form  and  symmetry,  but  the  symbols  of  its  four 
faces  are  111,  111,  111,  ill.  This  second  form  is  shown  in  Fig.  127;  it  is 
usually  designated  by  the  letter  o^.  These  two  forms  are,  as  stated  above, 
identical  in  geometrical  shape,  but  they  may  be  distinguished  in  many  cases 
by  the  tests  which  serve  to  reveal  the  molecular  structure,  particularly  the 
etching-figures.      It  is  probable  that  the  plus   and  minus   tetrahedrons  of 


129. 


130. 


131. 


sphalerite  (see  that  species)  have  a  constant  difference  in  this  particular,  which 
makes  it  possible  to  distinguish  them  on  crystals  from  different  localities  and 
of  different  habit. 

If  both  tetrahedrons  are  present  toorether,  tlie  form  in  Fiir.  128  results. 
This  is  geometrically  an  octauedron  when  they  are  equally  developed,  but 

♦This  is  one  of  the  five  reeulur  solids  of  geometry,  which  iiiolu(h»  also  ihe  cube,  octa- 
hedroM,  the  regular  pentngODal  dodccahedrou,  uud  the  icosahedron;  the  last  two  are  im- 
possible forms  among  crystals. 
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132. 


crystallographically  it  is  always  only  a  combination  of  two  unlike  forms,  the 
plus  and  minus  tetrahedrons,  which  can  be  distinguished  as  already  noted. 

The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  solid 
angles  as  in  Fig.  129.    The  cube  modifying  the  tetrahedron  truncates  its 

edges  as  shown  in  Fig.  130.  The  normal  angle  between 
adjacent  cubic  and  tetrahedral  faces  is  64°  44'.  In  Fig. 
131  the  dodecahedron  is  shown  modifying  the  plus  tetra- 
hedron, while  in  Fig.  132  the  cube  is  the  predominating 
form  with  the  plus  and  minus  tetrahedrons  and  dodeca- 
hedron. 

75.  Other  Typical  Forms. — There  are  three  other  dis- 
r^  J  tinct  types  of  solids  in  this  group,  having  the  general 

\^ wv     symbols  {Jihl\  {hll),  and  {hkl).    The  first  of  these  is  shown 

^ r^^      in  Fig.  133,  here  the  symbol  is  (221).     There  are  twelve 

Bonicite.  faces,  each  a  quadrilateral,  belonging  to  this  form,  dis- 

tributed as  determined  by  the  tetrahedral  type  of  symmetry.  They  correspond 
to  twelve  of  the  faces  of  the  trisoctahedron,  namely,  all  tnose  falling  in  alter- 
nate octants.  This  type  of  solid  is  sometimes  called  a  tetragonal  tristetra- 
hedroii,  or  a  deltoid  dodecahedron.  It  does  not  occur  alone  among  crystals^ 
but  its  faces  are  observed  modifying  other  forms. 


133. 


134. 


136. 


There  is  also  a  complementary  minus  form,  corresponding  to  the  plus  form, 
related  to  it  in  precisely  the  same  way  as  the  minus  to  the  plus  tetrahedron. 
Its  twelve  faces  are  those  of  the  trisoctahedron  which  belong  to  the  other  set 
of  alternate  octants. 

Another  form,  shown  in  Fig.  134,  has  the  general  symbol  (hU),  here  (211) ; 
it  is  bounded  by  twelve  like  triangular  faces,  distributed  after  the  type 
demanded  by  tetrahedral  symmetry,  and  corresponding  consequently  to  tne 
faces  of  tlie  alternate  octants  of  the  form  (hll) — the  trapezohedron — of  the 
normal  group.  This  type  of  solid  is  sometimes  called  a  trigonal  tristetra- 
hedron  or  trigondodecahedon.*  It  is  observed  both  alone  and  in  combina- 
tion; it  is  much  more  common  than  the  form  (hhl).  There  is  here  again  a 
complementary  minus  form.  Fig.  136  shows  the  plus  form  m  (211)  with  the 
plus  tetrahedron,  and  Fig.  137,  the  form  w  (311)  with  a  (100),  o  (111),  and 
rf  (110).     In  Fig.  138,  the  minus  form  n^  (211)  is  present. 


*It  is  to  be  noted  that  tlie  tetragonal  tristetrabedron  bas  faces  whieb  resemble  those  of 
the  trapezohedron  (tetragonal  trisoctahedron),  although  it  is  related  not  to  this  but  to  the 
trisoctahedron  (trigonal  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  iris- 
tetrahedron  resemble  those  of  the  trisoctahedron,  though  in  fact  related  to  the  tiapeso- 
hedron. 
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le  foarth  independent  type  of  solids  in  this  ^roup  is  shown  in  Fig.  135. 
I  the  general  symbol  (7*^•/),  here  (321),  and  is  bounded  by  twenty-four 
distributed  according  to  tetrahedral  symmetry,  that  is,  embracing  all  the 
jf  the  alternate  octants  of  the  forty- eight-faced  hexoctahedron.  This 
i8_sometimes  called  a  hezakistetrahedron.  The  complementary  minus 
[hlcl)  embraces  the  remaining  faces  of  the  hexoctahedron.     The  plus 

136.  137.  138. 


Tetrahedrite. 


Sphalerite. 


Borucitc. 


istetrahedron,  v  (531),  is  shown  in  Fig.  138  with  the  cube,  octahedron, 
>decahedron,  also  the  minus  trigonal  tris tetrahedron  ii  ('^11). 

If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
il  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces. 
form  a  cube  similar  in  geometrical  appearance  to  the  cube  both  of  the 
.1  and  pyritohedral  groups,  but  differing  in  its  molecular  structure,  as 
\  readily  proved,  for  example,  by  pyro-electricity.     Similarly  in  the  case 

planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a 
►ic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical  form 
J  normal  group.  Tlie  same  is  true  again  of  the  planes  having  the  posi- 
xpressed  by  the  general  symbol  (/i^•0);  there  must  be  twenty-four  of 
ind  they  together  form  a  tetrahexahedron. 

this  group,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
jm  are  geometrically  distinct  from  the  corresponding  forms  of  the 
1  group. 

Anglei. — The  following  tables  contain  the  angles  of  some  common 


30NAL  TrISTETRAHEDRONB. 

Edge  A 
Df.  Fig.  183.  221  a  212,  etc. 
882      17**  20i' 
221      27  16 
552      33  88i 
881       87  51} 

rAL  Tristetrahedrons. 

Edge  B 

Of.  Fig.  184.  211  A  211.  etc. 
411  88**  561' 
722  44  OJ 
811  50  28} 
522  58  59| 
211  70  31} 
ass      86  37} 


EdgeB 

Angle  on 

Angle  on 

221  A  212,  etc. 

a  (100,  f-i)  • 

^(111.  1) 

97'  50i' 

50"  uy 

10*     11' 

90      0 

48    111 

15    471 

84    41 

47      71 

19    281 

80    55 

46    801 

22      0 

EdgeC 

Angle  on 

Angle  on 

211  A  121,  etc. 

a  (100,  it) 

<>(ni.  1) 

60'     0' 

ir  281' 

^V  15}' 

55    50} 

22      0 

32    44 

50    28} 

25    141 

29    29} 

43    201 

29    29} 

25    141 

83    831 

35    15} 

19    28} 

19    45 

43    18} 

11    25} 
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Kdge  A  Edge  B     Edge  C 
Cf .  t'ig.  185.  831  A  312,  etc.  831  A  812,  etc.  SSI  A  3S1,  etc 

631      27°  m'  07"  '*'      27°  88|' 

321       21  47^  SB  Ai  31  47J 

432      IS  H  83  H  15   5} 

481      Sa  12^  e?  22{      15  661 


Angle  on 

Ingle  on 

o  {100,  i-i) 

.-(lll.n 

82°  18|' 

38*  881' 

86    43 

22    131 

43      11 

15    13} 

88    l&l 

SS      4 

4.  PLAGIHEDRAL   GROUP   (4).     CTIPBITE  TYPE. 
.  Typical  Formi  and  Symmetry.— The  fonrth  group  under  the  iBometrio 


/Sfe\ 


i-^/ 


v\!  /°V 


system  is  called  the  pltigihedral  or  gjrc 
group  because  the  faces  of  the  general  form 
(hkl\  are  arranged  in  spiral  order.  This  is  showa 
on  the  epberical  projectiou,  Fig.  139,  and  also  in 
Figs.  140, 141,  which  represent  the  single  typical 
form  of  the  group,  llvese  two  complementary 
eolids  together  embrace  all  the  faces  of  the 
hexoctahedron.  They  are  distinguished  from 
one  another  by  being  called  respectively  right- 
handed  and  left-handed  pentagonal  icositetra- 
hedrons.  The  other  forms  of  the  group  are 
geometrically  like  those  of  the  normal  group. 

The  symmetry  characteristic  of  the  group  in 
general  is  as  follows  : 

There  are  no  planes  of  symmetry  and  no  center  of  syametry.     There  are, 
however,  three  axes  of  quaternary  symmetry  normal  to  the  cubic  faces,  four 
140.  141.  axes  of   trigonal  symmetry 

normal  to,  the  octahedral 
faces,  and  six  axes  of  binary 
symmetry  normal  to  the 
faces  of  the  dodecahedron. 
In  other  words,  it  has  all  the 
7  axes  of  symmetry  of  the 
normal  group  while  without 
planes  or  center  of  sym- 
metry. 

79.  It  is  to  be  noted  that 
the  two  forms  shown  in  Figs. 
140, 141  are  alike  geometrically,  but  are  not  superposable;  in  other  words,  they 
are  related  to  one  another  as  is  a  right-  to  a  left-hand  glove.  Tliey  are  Iience 
said  to  be  ennntiomorphoiis,  and,  as  explained  elsewhere,  the  crystals  belonging 
here  may  be  expected  to  show  circular  light  polarization.  It  will  be  seen  that 
the  complementary  pins  and  minus  forms  ot  the  preceding  groups,  unlike  those 
here,  may  be  snperposed  by  being  rotated  90"  about  otie  of  the  crystflllographio 
axes.  This  distinction  between  plus  and  niinns  forms, and  between  rigTit-  and 
left-handed  enantiomorphous  forms,  exists  also  in  the  case  of  the  groups  of 
«veral  of  the  other  systems. 

This  group  is   rare  among  minerals ;   it   is  represented  by  cuprite,  aal 
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ac,  sylvite,  and  halite.     It  is  usually  shown  by  the  dlstribntion  of  the 
txiifying  faces,  or  by  the  form   of  the  etching-  i*a 

Fig.  142  ahowB  a  crystal  of  cuprite  from  Goruwall  „ 

with  the  form*  (13  1012). 

rAK'l'OHEDRAL  GROUP   (5).     ULLMAN- 

NITE  TYPE. 
Symmetry  and  Typical  Fornu.— The  fifth  remain-  \ 
iible  group  under  the  isometric  system  is  illus- 
)y  Fig.  144,  which  represents  the  twelve-faced 
■respoiidingto  the  general  symbol  {likl).  Thedia- 
a  of  its  facea  is  ahown  in  the  projection,  Fig.  143, 
m  is  sometimes  called  a  tetrahedral-peiitagonal  dodecahedron.  It  is 
have  one-fourth  as  many  faces  as  tlie  form  (hkl)  in  the  normal  gronp, 
lere  are  (our  similar  solids  which  together  embrace  all  the  faces  of  tiie 
ledron.  These  four  solids,  which  are  distinguished  as  right-handed 
-)  and  left-handed  (+  and  — ),  are  enantiomorphoua,  like  thoae  of 
Q  and  Ul,  and  hence  the  siilts  crystallizing  here  may  be  expected  to 
>w  circnlar  polarization.    The   remaining  forms  of   the  group   are 


the  cnbe  and  rhombic  dodecahedron)  the  tetrahedrons,  the  pyrito- 

the   tetragonal   and   trigonal   trlstetrahedrons ;   geometrically   they 
145  147.  are   like   the  solida   of  the 

same  names  already  de- 
:ribed.  This  group  has 
o  plane  of  symmetry  and 
o  center  of  symmetry. 
There  iire  three  nxea  of 
binary  symmetry  norma]  to 
the  cubic  faces,  and  four 
axes  of  trigonal  symmetry 
normal  to  the  faces  of  the 
tetriihedroii. 
■i:il  crystals  of  barium  nitrate,  strontium 
er,  tlie  species  ullmannite,  which  shows 
»  pyritohedral  (Fig.  146)  and  again  tetmliedral  forms  (Fig.  147), 
iug  the  same  composition,  must  be  regarded  as  belonging  here. 
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Mathematical  Relations  of  the  Isometric  System. 

81.  Most  of  the  problems  arisiog  lo  ihe  isometric  system  can  be  solved  at  once  by  the 
right-auglcKl  triangles  in  tlie  spliere  of  projection  (Fig.  110,  p.  41)  without  tho  use  of  any 
formula>i. 

It  will  be  remembered  that  the  angles  between  a  cubic  face,  as  100,  and  the  adjacent 

face  of  a  tetrahexahedron,  310,  210,  8^,  etc.,  can  be  obtained  at  once,  since  the  tanireut  of 

112  k 

this  angle  is  equal  to  -^,  ^  -q,  or  in  general  y. 

tan  {7ikO  A  100)  =  ^. 

n 

Since  all  the  forms  of  a  given  symbol  under  different  species  have  the  same  angles, 
the  tables  of  angles  already  given  are  very  useful. 

Tbese  and  Himilar  angles  may  be  calculated  immediately  from  the  sphere,  or  often  more 
simply  by  the  formulas  given  in  the  following  article. 

82.  Formulas.— (1)  The  distance  of  the  pole  of  any  face  Tihkl)  from  the  cubic  faces  is 
given  by  the  following  equations.  Here  Pa  is  the  distance  between  (hkl)  and  (100) ;  P6  is 
the  distance  between  (hkl)  and  (010);  aud  P<;  that  between  (hkl)  and  (001). 

These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  (hkO), 
(hhl),  etc.: 

A*  ifc*  I* 

cos*  Pa  = ,,  .   ,v  .   .^ :        cos' Tb  =  ,„..,.  ,,:        cos' Pc  = 


h^  +  k^  +  /« '  ?i^  +  *»  -f  I**  A*  ^  A;'  4- 1*' 

(2)  The  distance  between  the  poles  of  any  two  faces  ^{hkl)  and  Clipqr)  is  given  by  the 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified  : 

cos  PO  -  hp  +  kq+lr 

(8)  The  calculation  of  the  supplement  luterfacial  or  norma]  angles  for  the  several  forms 
may  be  accomplished  as  follows : 

Trisoetahedr on.— The  angles  A  and  B  are,  as  before,  the  supplements  of  the  inter- 
facial  angles  of  the  edges  lettered  as  in  Fig.  88. 

For  the  ieiragonal-tristetrahedron  (Fig.  183),   cos  B  =  , 

Trapegoliedron  (Fig.  92).  B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  in 
the  figure. 

For  the  trigonal-trUtetraJiedron  (Fig.  184),      cos  B  =  ^ 

Tetrahexahedron  (Fig.  82). 

7a«  ^        2hk 

cos  A  =  ,^  .  ., :  cos  C  = 


A«  +  A;» '  —  -  -  ;^,  _^  ^8- 

7i'  —  ^'  hk 

For  the  pyritoliedron  (Fig.  112),  cos  A  =  jj-rrm'*  cos  C  =  . ^      ^. 

Eexociahedron  (Fig.  102). 

cos  A  =  .„  .   ...  .   ,,:      cos  B  =  ,^  .   ,^  .   .  •,      cos  C  = 


/42  +  A;«  +  f«*  /«« 4- *«  +  /«'      ^"^-h^-^k^-i-l*' 

For  the  diploid  (Fig.  118), 


_7,«_A;«  +  /»  kl-\-lh  +  hk 

c^«  ^  -  A« 4r^qfr/«'     ^^^ ^  -  A»  +  Aj«  +  i«- 


7i*  —  2kl 
For  the  hexakietetraJiedron  (Fig.  135),        cos  B  =  ,.  .   . ,  .  ,^. 
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II.  TETRAGONAL  SYSTEM. 

83.  The  Tetragonal  System  includes  all  the  forms  whicli  are  referred 
to  three  rectangular  axes  of  which  the  two  lateral  axes  are  equal  to  each  other 
and  the  third,  the  vertical  axis,  is  either  shorter  or  longer.  The  lateral  axes 
are  designated  by  the  letter  a;  the  vertical  axis  by  d  (see  Fig.  149).  The  length 
of  the  vertical  axis  expresses  properly  the  axial  ratio  of  a  :c,a  being  uniformly 
taken  as  equal  to  unity. 

Seven  groups  are  embraced  in  this  system.  Of  these  the  normal  group  is 
common  and  important  among  minerals;  two  others  have  several  representatives, 
and  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the  groups  the 
vertical  axis  is  an  axis  of  tetragonal  symmetry;  in  the  remaining  three  it  is  an 
axis  of  binary  symmetry  only. 


1.  NOEMAL  GEOUP  (6).    ZIECON  TYPE. 

84.  Symmetry. — The  forms  belonging  to  the  normal  group  of  the  tetragonal 
system  (cf.  Figs.  149  to  171)  have  one  principal  plane  of  symmetry,  the  plane 
of  the  lateral  axes  a,  a;  further,  at  right  angles  148. 

to  this,  and  meeting  each  other  at  angles  of  45^ 
in  the  vertical  axis,  ^,  two  pairs  of  planes  of  sym- 
metry, like  two-and-two.  One  of  these  sets,  the 
"ixial  planes,  pass  through  the  crystallographic 
axes,  a,  a,  and  are  hence  parallel  to  the  faces 
lettered  a ;  the  others  are  diagonal  to  them,  or 
parallel  to  the  faces  m. 

Further,  the  vertical  axis,  i,  is  a  principal  axis 
of  tetragonal  symmetry;  there  are  also  four  axes 
of  binary  symmetry,  like  two-and-two  ;  one  set 
coincides  with  the  lateral  axes  a,  a;  the  others  are 
diagonal  to  them. 

The  distribution  of  the  faces  of  the  general 
form,  hkl,  belonging  to  this  group,  is  shown  in  the  spherical  projection. 
Fig.  148. 

85.  Forms. — The  various  possible  forms  under  the  normal  group  of  this 
system  are  as  follows : 


Miller. 

1.  Base  or  basal  pinacoid (0^^) 

2.  Diametral  prism,  or  prism 

of  the  second  order 


00  a  :  00  a  :(? 


Kaumann. 

OP  or  0,  c 


I  ....(100) 

3.  Unit  prism,  or  prism  )  /iia\ 

of  the  first  order       j ^^^"^ 

4.  Ditetragonal  prism (^^0) 

as,  (310)  i-3;  (210)  u2;  (320)  t-f,  etc. 

5.  Pyramids  of  the  diametral )         /;^;v 


a  :  o!^  a  :co  c         ooPooor  i-i,  a 


a  :a  :qo  c 


a  ina  :^  c 


a  :  00  aimc 


or  9econd  order  ) 

I,  (203)  l-t;  e  (101)  l-i;  (201)  2-1,  etc 


00  P  or  /,  m 
00  Pn  or  i-n 

mP  00  or  m-i 
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Miller. 


Haiimuin. 
mF  or  ta 


6.  Pyramids  of  the  uiiit,  ] 
or  firat  order,  j 

as,  (223)  I;  (111)  1;  (221)  2,  etc. 

^"  ^or'SoHoUr"'^'''  \ t'**'>         ainazmc  mPn  or  m-n 

OB.  (421)  4-2;  (321)  3-i;  (122)  1-2,  etc 

86.  Basal  Finaeoid  or  Ban. — The  hose  is  that  form  which  includes  the  two 
similar  faces  which  are  parallel  to  the  plane  of  the  luteral  axes.  These  faces 
have  the  symbols  001  and  001  respectively  ;  it  is  an  "open  form,"  as  they  do 
not  inclose  a  space,  coosequently  this  form  can  occur  only  in  combiuittion  with 
other  forms,  Cf,  Figs.  149-152,  etc.  This  form  is  always  lettered  c  in  this 
work. 

87.  Friimi. — Prisms,  in  systems  other  than  the  isometric,  have  been  defined 
to  be  forms  whose  faces  are  parallel  to  the  vertical  axis  (i)  of  the  crystal, 
while  they  meet  the  two  lateral  axes  ;  in  this  system  the  four-faced  form  whoea 
planes  are  parallel  both  to  tlie  vertical  and  a  lateral  axis  is  also  called  a  prism, 
i'here  are  hence  three  types  of  prisma  here  included, 

88  Diametral  Prism. — The  diametral  prism  shown  *  in  comhination  with 
the  base  in  Fig.  149  includes  the  four  faces  which  are  parallel  at  once  to  the 
vertical  and  to  a  lateral  axis;  it  has,  therefore,  the  general  symbol  (100).  It 
is  a  square  prism,  that  is,  the  angle  between  any  two  adjacent  faces  is  90°. 

Tlie  diametral  prism  is  often  called  the  prism  of  the  second  order ;  it  is 
uniformly  designated  b3r^  the  letter  a,  and  its  faces,  taken  in  order,  have  the 
symbols  100,010, 100,  010. 

It  will  be  seen  that  the  combination  of  this  form  with  the  base  ia  the 
analogue  of  the  cube  of  the  isometric  system.     It  has  four  similar  rertical 
edges  and  eight  similar  lateral  edges.     It  has  also  eight  similar  solid  aoglea. 
149.  160.  161.  162. 


1=^' 

! 

laa 

ap 

m 

- 

89.  Unit  Prism. — The  unit  prism  includes  the  four  faces  which,  while 

paritllel  to  the  vertical  axis,  meet  the  luteral  axes  at  equal  distances-    its 


•  In  Figs.  149-153  tlie  dimcnsioDS  of  llie  fm 

laiigtii  id  tlie  verliciil  nxis  (hero  i  =  i-18  miu  _  _ 

nt>)[nl,   liowtvcr.  tlmt  in  tbe  case  nl  actiml  cminU  of  Ibese   forms,  - 
aymmi^lry  is  usunlly  iniliCBled  by  Ibe  unlike  pliyaicnl  cbamcter  i>{  tht 

wtlh  the  fnceaa.  m.  elc.,ln  the  vcrlicnl  prismatic  Kone.  no  interetico  cft_   ._   .._ .„^ 

rebitive  length  nf  tlie  ventcHl  hiIs.  Tbia  ladt  caa  be  determined  only  when  a  pynimTd'is 
present ;  It  Is  Bxed  for  the  specleg  nben  &  particular  pyrRinld  is  choseo  as  fuDdanuntal  or 
unit  torm,  ns  explained  later. 


are  mnde  to  corre«i)oiid  lo  the  nssiimed 
liiliedrlle)  used  !□  Fig  156.  It  must  be 
..  r  ..,,  ij^^  tetragonul 

e  e  as  compured 
a  he  drawn  aa  to  the 
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general  symbol  is  consequently  (110).  Like  the  preceding  form,  it  is  a  square 
prism,  with  interfacial  angles  of  90^.  It  is  shown  in  combination  with  the 
base  in  Fig.  150.  It  is  often  called  the  prism  of  the  first  order,  and  is  uniformly 
designated  by  the  letter  m.  The  symbols  of  its  faces,  taken  in  order,  are  HO, 
110,  110,  110. 

The  faces  of  the  unit  prism  truncate  the  edges  of  the  diametral  prism  and 
trice  versa.  When  both  are  equally  developed,  as  in  Fig.  151,  the  result  is  a 
regular  eight-sided  prism,  which,  however,  it  must  be  remembered,  is  a  com- 
bination of  two  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically  from 
one  another,  and  furthermore,  in  a  given  case,  the  symmetry  of  this  group 
allows  either  to  be  made  the  unit,  and  the  other  the  diametral,  prism  according 
to  the  position  assumed  for  the  lateral  axes.  If  on  crystals  of  a  given  species 
both  forms  occur  together  e<}ually  developed  (or,  on  the  other  hand,  separately 
on  different  crystals)  and  without  other  faces  than  the  base,  there  is  no  means 
of  telling  them  apart  unless  by  minor  characteristics,  as  striations  or  other 
markings  on  the  surface,  etchings,  etc. 

90.  Ditetragonal  Prism. — The  ditetragonal  prism  is  the  form  which  is 
bounded  by  eight  similar  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis  while  meeting  the  two  lateral  axes  at  unequal  distances.  It  has  the 
general  symbol  UM).  It  is  shown  in  Fig.  152,  where  (JikO)  =  (210).  The 
successive  faces  have  here  the  symbols  210,  120,  l20,  3lO,  2l0,  I50,  l30,  210. 

In  Fig.  164  a  combination  is  shown  of  this  form  (y  =  310)  with  the 
diametral  prism,  the  edges  of  which  it  bevels.  In  Fig.  168  it  bevels  {h  =  210) 
the  edges  of  the  unit  prism  m.  In  Fig.  169  it  is  combined  (l  =  310)  with 
both  the  square  prisms. 

91.  Pyramidi. — There  are  three  types  of  pyramids  in  this  group,  cor- 
responding, respectively,  to  the  three  prisms  which  have  just  been  described. 
As  already  stated,  the  name  pyramid  is  given  (in  svstems  other  than  the 
isometric)  to  a  form  whose,  planes  meet  all  three  of  the  axes;  in  this  system 
the  form  whose  planes  meet  the  axis  i  and  one  lateral  axis  while  parallel  to 
the  other  is  also  a  pyramid.  The  pyramids  of  this  group  are  strictly  double 
pyramids. 

92.  Diametral  Pyramid.— The  diametral  pyramid,  or  pyramid  of  the 
second  order,  is  the  form,  Fig  153,  whose  faces  are  parallel  to  one  of  the 
lateral  axes,  while  meeting  the  other  two  axes.  The  general  symbol  is  (hOl). 
These  faces  replace  the  basal  edges  of  the  diametral  prism  (Fig.  154),  and  the 
solid  angles  of  the  unit  prism  (cf.  Fig.  155).  It  is  a  square  pyramid  (also 
called  a  square  octahedron),  since  its  basal  section  is  a  square,  and  the  inter- 
facial nngles  over  the  four  terminal  edges,  above  and  below,  are  equal.  The 
successive  faces  of  the  form  (101)  are  as  follows:  Above  101,  Oil,  101,  Oil; 
below  101,  Oil,  101,  OIL 

If  the  ratio  of  the  intercepts  on  the  lateral  and  vertical  axes  is  the  assumed 
axial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  designated  by 
the  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of  either  one 
of  the  interfacial  angles  (y  or  z)  over  the  terminal  or  basal  edges,  as  explained 
later.  In  the  case  of  a  given  species,  a  number  of  diametral  pyramids  may 
occur,  varying  in  the  ratio  of  tne  axes  a  and  i.  Hence  there  is  possible  an 
indefinite  number  of  such  forms  whose  symbols  may  be,  for  example,  (104), 
(103),  (102J,  (101),  (302),  (201),  (301),  etc.  Those  mentioned  first  come 
nearest  to  the  base  (OCX),  those  last  to  the  diametral  prism  (100);  the  base  is 
therefore  the  limit  of  these  pyramids  (^0/)  when  A  =  0,  and  the  diametral 
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prism  (100)  vben  A  =  oo  and  /  =  1;  or,  what  U  the  Bame  thing,  when  A  =  I 
and  /  =  0.  Fig.  165  shows  the  three  diametral  pyramids  u  (105),  a  (101), 
«  (201). 


Rutile. 
03,  Unit  Pyruuid. — A  unit  pyramid,  or  pyratnid  of  the  first  order,  ii  a 
form  whose  eight  similar  faces  intersect  the  two  lateral  axes  at  equal  dis- 
tances and  also  intersect  the  vertical  axis.  It  has  the  general  symbol  {hhl). 
Like  the  diametral  pyramid,  it  is  a  square  pyramid  (or  square  octahedron) 
with  equal  interfacial  angles  over  the  terminal  edges,  and  the  faces  replace 
the  lateral,  or  basal,  edges  of  the  unit  prism.  If  the  ratio  of  the  vertical  to  the 
lateral  axis  for  a  given  unit  pyramid  is  the  assumed  axial  ratio  for  the  species, 
the  form  is  called  the/un(fame»/a/  form,  and  it  has  the  symbol  (111)  as  in 
Fig.  156.  Its  faces  mentioned  in  order  as  before  are:  Above  111,  111,  111, 
111;  below  Ui,  in,  hi,  111. 


167. 


(4^ 


^ 


169. 


^^^7^        ^^ 


Zircon.  Zircon.  Apopbylllie 

Obviously  the  angles  of  the  nnit  pyramid,  and  hence  its  geometrical 
aspect,  vary  widely  with  the  length  of  the  vertical  axis.  For  Fig.  156  (octa- 
hedrite)  i  =  1-78;  for  Fig.  161  p  =  (111)  and  t  =  064. 

For  a  p^iven  species  there  may  be  a  number  of  unit  pyramids,  varying  in 
position  according  to  the  ratio  of  the  vertical  to  the  lateral  axis.  Their 
symbols,  passing  from  the  base  (001)  to  the  unit  priam  (110),  may  thus  be 
(115),  (113),  (323),  (111).  (332),  (221),  (441),  etc.  In  the  general  symbol  of 
these  forms  {hhl),  as  T>  diminishes  the  form  approximates  more  and  mor« 
nearly  to  the  base  (001),  for  which  A  -=  0:  asA  increases,  the  form  pasBes 
toward  the  unit  prism,  for  which  A  =  «  if  /  =  1,  that  is,  for  which  A  =  1 
if  /  =  0.  In  Fig.  156  two  pyramids  of  this  order  ara  shown,  p  (111)  and 
«  (331). 


TETBAQOlirAL  8TBTEH. 


The  faces  of  the  nnit  pyramids  replace  the  terminal  edges  of  the  unit  priBm 
(Figs.  157, 160)  and  the  solid  angles  of  the  diametral  prism  (Fig.  159). 


Apopbjiltte. 


The  application  of  the  zonal  relations  proves  that  a  dinmetral  pyramid 
truncating  the  pyramidal  edges  of  a  given  unit  pyramid  has  the  same  ratio  as 
it  has  for  A  to  I.     Thus  (101)  truncates  the  terminal  edge  of  (111);  (201)  of 

S221),  etc  Again,  if  a  unit  pyramid  tiuncates  the  pyramidal  edges  of  a  given 
iametral  pyramid,  its  ratio  for  A  to  /  is  half  that  of  the  other  form ;  that  is, 
(113)  truncates  the  pyramidal  edges  of  (lOl);  (111)  of  (301),  etc.  These 
relations  are  exhibited  by  Fig.  165,  and  the  basal  and  sphericul  projections 
(Figs.  170,  171)  corresponding  to  it.  Here  e  (101)  and  w  (105\  tnincate  the 
terminal  edges  otp  (HI)  and  r  (115),  respectively,  while  ;i  (111)  truncates  the 
edges  of  q  (201). 

94.  Ditetragonal  Pyramid,  or  Ziroonoid. — The  dUetragontil  pyramid,  or 
double  eight-sided  pyramid,  is  the  form  each  of  whose  sixteen  similar  faces 
meets  the  three  axes  at  nneqnal  distance*.  This  is  the  most  general  case  of 
the  symbol  {hkl),  where  A,  it,  I  are  all  nneqnal  and  no  one  is  equal  to  0.  That 
there  are  sixteen  taen  \n  a  single  form  is  evident.  Thus,  for  example,  for  tlie 
(orm  Ul^  ^  face  212  is  atmilar  to  123,  the  two  lateral  axes  being  equal 
^nok  BOirever,  to  231).  Hence  there  are  two  tike  faces  in  each  octant, 
'fitiflarly  the  symbols  «f  all  the  faces  in  the  successive  octants  are,  therefore, 
Hfelbnn: 

AWn    212    122    122    S12    132    732    lS2    212 
BeloT   213    133    1^3    313    313    133    l33    213 
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This  form  U  common  with  the  species  zircon,  and  is  hence  often  oiled  a 
ztrcoitoid.  It  is  shown  in  Fig.  166.  It  is  sot  observed  alone,  though  'some- 
times, as  in  Figs  167  (z  =  311)  and  168  (z  =  321),  it  is  the  predominating 
form.  In  Fig.  169  two  zirconoids  occur,  namely,  t  (313)  and  z  (321).  Of.  also 
Figs   6,  8,  9  of  zircon  on  p.  6. 


Zircon.  CMsiterite.  Ratlle 

95.  In  addition  to  the  perspective  figures  already  given,  a  basal  projection 
(Fig    170)   is  added   of  the  crystal   of  octahedrite  j^q 

already  referred  to  (Fig.  165);  also  a  spherical  pro- 
jection of  the  same  (Fig.  171)  with  the  faces  of  the 
form  (313)  added.  These  exhibit  well  the  general  re- 
lations of  this  normal  group  of  the  tetragonal  system. 
The  symmetry  here  is  to  be  noted,  first,  with  respect  i 
to  the  similar  zones  100,  001,  lOO  and  010,  001,  OlO;  | 
also,  second,  tliat  of  the  other  pair  of  similar  zones, 
110,  001,  no,  and  lIO,  001,  IlO. 
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2.  HEMIMORPHIC  GROUP  (7). 

M.  Symmetry. — This  group  differs  from  the  normal  group  only  in  having 

no  plane  of  symmetry  through  the  plane  of  the 
transverse  axes;  hence  the  forms  are  hemimor 
phic  as  defined  in  Art.  29.  It  is  not  known  to 
be  represented  among  minerals,  and  is  sufficiently 
illustrated  by  the  spherical  projection  (Fig.  1T2). 
Here  the  two  basal  planes  are  distinct  forms, 
001  and  001;  the  prisms  do  not  differ  geometri- 
j^  cally  from  those  of  the  normal  group,  though  dis 
tinguished  by  their  molecular  structure;  further, 
the  pyramids  are  no  longer  double  pyramids,  but 
each  form  is  represented  by  one  half  of  Figs.  153, 
156,  166  (cf  Fig.  50,  p  18).  There  are  hence 
six  distinct  pyramidal  forms,  corresponding  to 
the  upper  and  lower  halves  of  the  unit  pyramid, 
the  diagonal  pyramid  and  the  ditetragonal  pyramid. 


3.  PYRAMIDAL  GROUP  (8).  SCHEELITE  TYPE. 

97.  Typical  Forms  and  Sjrmmetry.-— The  forms  here  included  have  one 
plane  of  symmetry  only,  that  of  the  transverse  axes,  and  one  axis  of  tetragonal 
symmetry  (the  vertical  axis)  normal  to  it.     The  173. 

distinct  forms  are  the  tetragonal  prism  {hkO) 
and  pyramid  {Iikl)  of  the  third  order,  shown  u« 
Figs.  174,  175. 

The  distribution  of  the  faces  of  the  general 
form  (hkl)  on  the  spherical  projection.  Fig.  173, 
exhibits  the  symmetry  of  the  group.  Comparing 
this,  as  well  as  the  figures  immediately  following, 
with  those  of  the  normal  group,  it  is  seen  that 
this  group  differs  from  it  in  the  absence  of  the 
vortical  planes  of  symmetry  and  the  horizontal 
axes  of  symmetry.  Further,  half  the  faces,  be- 
longing to  each  octant,  of  the  normal  form  (hkl) 
shown  in  Fig.  166  only  are  present,  and  these  are 
the  faces  situated  in  a  vertical  zone,  from  001  to  001. 

98.  Prism  and  Pyramid  of  the  Third  Order.— The  typical  forms  of  the 
group,  as  above  stated,  are  a  square  prism  and  a  square  pyramid,  which  are 
distinguished  respectively  from  the  square  prisms  a  (100)  and  m  (110),  shown 
in  Figs.  149  and  150,  and  from  the  square  pyramids  (hOl)  and  (hhl)  of  Figs. 
153  and  156  by  the  name  "third  order. 

There  are  two  complementary  forms  in  each  case,  designated  lef/  and  right, 
which  together  include  all  the  faces  of  the  ditetragonal  prism  (Fig.  152)  and 
ditetragonal  pyramid  (Fig.  166)  of  the  normal  group 

The  faces  of  the  two  complementary  prisms,  as  (210),  are: 

Left:     210,    l20,    2iO,    l20. 
Jtight:   120,    2 10,    I20,    210. 
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The  faces  of  the  corresponding  pyramids^  as  (212)^  are: 

Left:      above  212,  l22,  2l2,  l32;    below  2l3,  l23,  212,  l22. 
Right:   above  122,  2l2,  122,  2l2;    below  122,  2l2,   122,  2l2. 

Fig.  176  gives  a  transverse  section  of  the  prisms  a  (100)  and  m  (110),  also 
the  prism  of  the  third  series  (120).  Fig.  175  shows  the  right  pyramid  (122) 
rorrespoudiug  to  the  same  prism. 


174. 


210 


UO 


176. 


176. 


99.  Other  Forms.— The  other  forms  of  this  group,  that  is,  the  base  c  (001) ; 
the  other  square  prisms,  a  (100)  and  m  (110);  also  the  square  pyramids  (hOl) 
and  (hhl)  are  geometrically  like  the  corresponding  forms  of  the  normal  group 
already  described. 

100.  To  this  group  belongs  the  important  species  scheelite;  also  the 
isomorphous  species  stolzite  and  powellite,  unless  it  be  that  they  are  rather  to  be 
classed  with  wulfenite  (p.  61).  Fig.  177  shows  a  typical  crystal  of  scheelite, 
and  Fig.  178  a  basal  section  of  one  similar;  these  illustrate  well  the  charac- 


177. 


178. 


179. 


Scheelite. 


Scheelite. 


Meionite. 


fpristics  of  the  group.  Here  the  forms  are  e  (101),  p  (HI),  and  the  third- 
ordrpyramids  I  (515),  h  (313)  ?  (212),  ..  (131).  ^ig  1^^  repre^nts  a 
meionite  crystal  with  r  (111)  and  the  third-order  pyramid  z  (311)  See  also 
Fiffs.  181,  182,  in  which  the  third-order  prism  is  shown. 

The  forms  of  this  group  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  hemihedrism  ;  hence  the  name  here  given. 
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180. 


4,   PYKAMIDALHEMIMORPHIC  GROUP  (9).    WULFENITE  TYPE. 

101.  Symmetry. — The  fourth   group  of  the  tetragonal  system  is  closely 

related  to  the  group  just  described.  It  has  the 
same  vertical  axis  of  tetragoual  symmetry^  but 
there  is  no  transverse  plane  of  symmetry.  The 
forms  are,  therefore,  hemimorphic  in  the  distribu- 
tion of  the  faces  (cf.  Fig.  180).  Tlie  species 
wulfenite  of  the  IScheelite  Group  among  mineral 
species  probably  belongs  here,  although  the  crys 

rtals  do  not  always  show  the  difference  between 
the  pyramidal    faces^   above  and    below,  which 


4 

f 


I 

I 

\ 


\ 


would  characterize  distinct  complementary  forms. 
/       Figs.  181,  182  could,  therefore,  serve  as  illustra- 
y  tiong  of  the  preceding  group,  but  in  Fig.  183  a 

characteristic  distinction  is  exhibited.     In  these 
figures  the  forms  are  u  (102),  e  (101),  n  (111); 
also/  (230),  k  (210),  z  (432),  x  (311). 


181. 


182. 


183. 


Figs.  181-188,  Wulfenite. 

5.    SPHENOIDAL  GROUP  (10).    CHALCOPYRITE  TYPE. 

l02.  Typical  Forms  and  Symmetry.— The  typical  forms  of  this  group  are 
the  sphenoid  (Fig.  185)  and  the  tetragonal  scalenohedron  (Fig.  186).  They 
and    all   the    combinations  of  this    group    are  184. 

characterized  by  the  presence  of  two  vertical 
planes  of  symmetry;  these  are  diagonal  to  the 
crystal lographic  axes  and  intersect  at  angles  of 
90"  in  the  vertical  axis,  which  is  an  axis  of  binary 
symmetry  only.  Furtjier,  the  two  horizontal 
crystallographic  axes  are  axes  of  binary  sym-  . 
me  try.  ^ 

This  symmetry  is  exhibited  in  the  distribution  \^ 
ol  the  faces  of  the  general  form  (hkl)  in  the  ^ 
spherical  projection  (Fig.  184).  It  is  seen  here 
tnat  the  faces  are  present  in  the  alternate  octants 
only,  and  it  will  be  remembered  that  this  same 
statement  was  made  of  the  tetrahedral  group 
under  the  isometric  system.    There  is  hence  a  close  analogy  between  these 
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two  groups.     The  eymmetr;  of  tfais  group  should  be  carefully  compared  with 
that  of  tne  first  aiid  third  groups  of  this  system  already  described. 

103.  Sphenoid. — The  sphsDoid,  shown  in  Fig.  IS5,  is  a  four-iaced  solid, 
resembliug  u  tetrahedron,  but  each  face  is  an  isosceles  fuot  an  eqnilatertd) 
triangle.  The  general  symbol  of  the  plua_  unit  spheoola  is  (111),  and  the 
faces  have  the  symbols:  III,  III,  111,  111,  The  complementary  minus 
sphenoid  has  the  symbol  (ill),  and  these  two  forms  include  all  the  faces  of 
the  unit  pyramid  (111)  of  the  normal  group.  When  they  occur  together,  it 
equally  developed,  the  resulting  solid,  though  having  two  unlike  sets  of  fnces, 
cannot  be  distinguished  geometrically  from  the  square  pyramid  (ill). 

In  the  species  chalcopyrite,  which  belongs  to  this  group,  the  deviation  in 
angle  and  in  axial  ratio  from  the  isometric  system  is  very  small,  and  hence 
the  unit  sphenoid  cannot  by  the  eye  be  diatiuguished  from  a  tetrahedron 
(compare  Fig.  187  with  Fig  138,  p.  47).  For  this  species  i  =  0-985  (instead 
of  I,  aa  in  the  isometric  system),  and  the  normal  sphenoidal  angle  is 
108°  40',  instead  of  109°  28',  the  angle  of  the  tetrahedron.  Hence  a  crystal 
with  both  the  plus  and  minus  sphenoids  equally  developed  closely  resembles  a 
regular  octahedron. 

In  Fig  1h8  the  diametral  pyramids  e  (101)  and  z  (201)  are  also  present, 
also  the  base  c  (001). 

104.  Tetraifonal  Bcalenohedron. — The  sphenoidal  symmetry  yields  another 
distinct  type  of  form,  that  shown  in  Fig.  186.     It  is  bounded  by  eight  similar 

^g^  lgg  scalene   triangles,  and  hence  is  called  a 

tetragonal     Bcalenohedron;     the    general 
^y.__^  symbol  is  {hkl).     The  faces  of  the  com- 

,//  ^ — ^  plementary  plus  and  minus  forms  embrace 

'  all  the  faces  of  the  ditetragonal  pyramid 
This  form  appears  in  combination  in 
chalcopyrite,  but  is  not  observed  inde- 
pendently. In  Fig.  189  the  form  a  (531) 
IB  the  plus  tetragonal  scalenohedron. 

105.  Other  Forms.— The  other  forma 
of  the  group,  namely,  the  two  square 
prisms,  the  ditetragonal  prism,  and  the 
two  square  pyramids  [hht)  and  {kOl),  are 
geometrically  like  those  of  the  normal  group.  The  lower  symmetry  in  the 
molecular  structure  is  only  revealed  by  special  investigation,  as  by  etching. 
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Figs.  187-139,  Cbatcopyrite, 
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6.  TEAPEZOHBDBAL  GKOUP  (11). 

106.  The  trapezohedral  eroup  is  analogous  to  the  plagihedral  group  under 
the  isometric  system;  it  is  cnaracterized  by  the  absence  of  any  plane  or  center 
of  symmetry;  the  vertical  azis^  however^  is  an  axis  of  tetragonal  symmetry^  and 
perpendicular  to  this  there  are  four  axes  of  binary  symmetry.  The  distribu* 
tion  of  the  faces  of  the  general  form  (hkl)  is  shown  in  the  spherical  projectioui 
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Fig.  190,  and  Fig.  191  gives  the  resulting  solid,  a  tetragonal  trapezohedron. 
The  complementary  right-  and  left-handed  forms  embrace  all  the  faces  of  the 
ditetragonal  pyramid  of  the  normal  group.    These  two  forms  are  enantiomor^ 
phous,  and  the  salts  belonging  to  this  group  show  circular  polarization. 
Phosgenite  (p.  364)  probably  belongs  to  this  group  (Ooldschmidt). 

7.  TETARTOHEDRAL  GROUP  (12). 

107.  Symmetry.— The  seventh  and  last  possible  group  under  this  system 
has  no  plane  nor  center  of  symmetry,  but  the 
vertical    axis  is    an  axis  of   binary  symmetry. 
The  distribution  of  the  faces  of  the  general  form 
(hkl)  is  shown  on  the  sphere  of  projection  (Fig. 
192),  and  the  solid  resulting  is  a  sphenoid  of  the 
third  order.     There  are  also  three  other  possible      . 
forms  complementary^  to  this,  and  the  four  are      / 
respectively    distinsruished  as  right  (+  and  — )  iw- 


and  left  (+  and  — ).  These  four  together  em-  \ 
brace  all  the  sixteen  faces  of  the  ditetragonal  ^ 
pyramid.  The  other  characteristic  forms  or  this 
group  are  the  prism  of  the  third  order  {hkO),  the 
plus  and  minus  sphenoids  of  the  first  order  (111), 
and  also  those  of  the  second  order  (101).  This 
group  has  no  known  representatiye. 

Mathematical  Relations  of  the  Tetragonal  System. 

106.  Choioe  of  Asm. — It  appeare  from  the  discussion  of  the  symmetry  of  the  feveu  groups 
of  this  system  that  with  all  of  them  the  position  of  the  vertical  axis  is  fixed.  In  groups  1,  2, 
however,  where  there  are  two  sets  of  vertical  planes  of  symmetry,  either  set  may  be  made 
the  axial  plaoea  aod  the  other  the  diagonal  planes.  The  choice  between  these  two  possible 
poaitioDS  of  the  lateral  axes  is  guided  particularly  by  the  habit  of  the  occurring  crystals 
and  the  relations  of  the  i^veo  species  to  others  of  similar  form. 
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109.  Betennination  of  the  Axial  Batio.  etc. — The  following  relations  serve  to  connect 
the  axial  ratio,  that  is,  the  length  of  the  vertical  axis  6,  when  a  =  1,  with  the  fundamental 
angles  (001  a  101)  and  (001  A  111): 

tan  (001  A  101)  =  i;  tan  (001  A  111)  X  \V^-  ^ 

For  faces  in  the  same  rectangular  zone  the  tangent  principle  applies.  The  most  impofw 
tant  cases  (cf.  Fig.  171)  are: 

tan  (001  A  ^0^)  _  ^. 
tan  (001  A  lOl)  "  I ' 

tan  (001  A  ^kl)  __  *, 
tan  (001  A  Oil)  "  I  • 

tau  (001  A  hhl)  _  h 
tan  (001  A  111)  "  T 

For  the  prisms 

h  h 

tan  (010  A  AJfeO)  =  ^.        or       tan  (100  A  JM)  =  p 

110.  Other  Calculationf.—It  will  be  noted  that  in  the  spherical  projection  (Fig.  171)  all 
those  spherical  triangles  are  right-angled  whicb_are  formed  by  great  elides  (diameters)  which 
meet  the  prismatic  zone-circle  100,  010,  100,  010.  Again,  all  those  formed  by  great  circles 
drawn  between  100  and  100,  or  010  and  010,  and  crossing  respectively  the  zone-circles  100, 
001,  iOO,  or  010,  001,  010.  Also,  all  those  formed  by  great  cjrcles  drawn  between  110  and 
IIO  and  crossing  the  zone- circle  110,  001,  110.  or  between  110  and  110  and  crossing  the 
zone-circle  110.  001,  110. 

These  spherical  triangles  may  hence  be  readily  used  to  calculate  any  angles  desired;  for 
example,  the  angles  between  the  pole  of  any  face,  as  hkl  (say  821),  and  the  pinacoids  100, 
010.  001.  The  terminal  angles  (a?  and  z,  Fig.  106)  of  the  ditetragonal  pyramid,  212  A  2i3 
(or  813  A  313,  etc  ),  and  212  A  122  (or  818  A  133,  etc.),  can  also  be  obUiined  in  the  same 
way.  The  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001,  100  and  001,  110 
for  the  given  case.  For  example,  the  zone-circle  110,  813,  133,  110  meets  110,  001, 110  at 
the  pole  223,  and  the  calculated  anglj  313  a  223  is  half  the  angle  818  a  138.  If  a  large 
number  of  similar  angles  are  to  be  calculated,  ii  is  more  convenient  to  use  a  formula* 
as  that  given  below. 

111.  Formulas. — It  is  sometimes  convenient  to  have  the  normal  interfactal  angles 
expressed  direcily  in  terms  of  the  axis  b  and  the  indices  h,  k,  and  I.    Thus : 

(1)  The  distances  of  the  pole  of  any  face  F{hkl)  from  the  pinacoids  a  (100)  =  P«^ 
b  (010)  =  P6,  c  (001)  =  Pc  are  given  by  the  following  equations: 

These  may  also  be  expressed  in  the  form 

(2)  For  the  distance  between  the  poles  of  any  two  faces  (hkl),  (pqr),  we  have  fal 
^eneml 

.^^q^  Apc'  +  ^gc^  +  ^r 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 
for  hkl  and  the  angle  of  the  edge  y  of  Fig.  166. 

112.  Prismatic  Angles. — The  angles  for  the  commonly  occurring  ditetragonal  prisms  are 
as  follows: 

Ancle  on  Angle  on                                         Angle  on  Angle  on 

a(l00,  t-0  fwdlO,  7)                                       a(100,  »:0  w  (flO, /) 

410,  f"-4           14'    2 J-           30"  57f  630,  t-f           80*  57t'  14*    2i' 

810,  ^            18    26              26    84  820.  t|            88    41}  11    18) 

210.  »-2           26    84              18    26  480,  i'  |           86    52}  8     7| 
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?he  Hexagonal  System  inclades  all  the  forms  which  are  referred 
:eSy  three  equal  lateral  axes  in  a  common  plane  intersecting  at  angles 
d  a  fourth,  vertical  axis,  at  right  angles  to  them, 
sections  are  here  included,  each  embracing  a  number  of  distinct 
lated  among  themselves.  They  are  called  the  Hexagonal  Division 
yigonal  (or  Rhombohedral)  Division,  The  symmetry  of  the  former, 
vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to  the 
ype. 

1852)  referred  all  the  forms  of  the  hexagonal  system  to  three  equal  axes  parallel 
of  the  fuudameDtal  rhombohedron,  and  heuce  iDterscctiDg  at  equal  augles,  uot 
method  (further  explained  in  Art.  168)  ha»  the  disadvantage  of  failing  to  brin^ 
tionship  between  the  normal  hexagonal  and  tetragonal  types,  both  characterized 
;ipal  axis  of  symmetry,  which  (on  the  system  here  adopted)  is  the  vertical 
iphic  axis.  It  further  gives  different  symbols  to  faces  which  are  crystallo- 
identical.  It  is  more  natural  to  employ  the  three  rhombohedral  axes  for 
rms  only,  as  done  bv  Groth  (1894),  who  includes  these  groups  in  a  Trigonal 
X  this  also  has  some  disadvantages. 

^oaps. — There  are  five  possible  groups  in  the  Hexagonal  Division, 
the  normal  group  is  much  the  most  important,  and  two  others  are 
portance  among  crystallized  minerals. 

I  Trigonal  Division  there  are  seven  groups;  of  these  the  rhombo- 
oup  or  that  of  the  Calcite  Type  is  by  far  the  most  common,  and 
m  are  also  of  importance. 

Lxes  and  Symbols. — The  position  of  the  four  axes  taken  is  shown  in 
the   three  lateral   axes  are  called  a,  and  the  vertical  axis  id  6. 

when    it     is    desirable    to    distinguish  .^2 

the  lateral  axes  they  may  be  designated 
The  general  position  of  any  plane  on 
od  of  Bravais  (who  adapted  the  system 

to  this  system)  may  be  expressed  in  a 
analogous  to  that  applicable  in  the  other 
^iz.: 

1111, 

^ponding  indices  for  a  given  plane  are 

;,  t,  /;    these  always  refer   to   the  axes 

the  above  scheme: 

ound  convenient  to  consider  the  axis  a^ 

re  in  front  and  positive  behind,  hence  the  general  symbol  is  hkil. 

as  following  from  the  angular  relation  of  the  three  lateral  axes,  it 

adily  shown  to  be  always  true  that  the  algebraic  sum  of  the  indices 

3qnal  to  zero: 

]i  +  Ic  -\-  i  =  0. 

3neral  expression  for  any  plane  in  accordance  with  the  system  of 
is 

na  \  pa  :  —  a  I  ma. 


-I 
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Here  it  is  always  true  that  p  = 


n 


.    The  shortened  form  for  the  aboTe 


expression  as  adopted  by  Naumann  is  mPn. 

The  relation  of  Miller's  indices  to  those  of  Naumann  is  obvioos  If  for  a  glTen  pUuie 
with  the  symbol,  say,  2l8l  the  parameters  are  given  in  full,  namdy: 


(1) 


•gfli :  la« :  —  ^  :  li. 


This  ia  eqaiTalent  (after  multiplying  by  8)  to 


(8) 


Q 

^a, :  8at :  —  1  at :  Si. 


8 


Here  mmB»  a  ss  ^,  and  the  value  of  p  is  8.    The  symbol  Is  hence  wrfttMi 

«P|.  or  4 


A.    Hexagonal  Division. 


1.  NORMAL  GROUP  (13).    BERYL  TYPE. 

116.  Symmetry. — Crystals  belonging  to  the  normal  group  of  the  Hexagonal 
Division  have  one  principal  plane  of  symmetry,  the  plane  of  the  lateral  axes ; 
also,  normal  to  this  and  meeting  in  the  vertical  axis  at  angles  of  30^,  six  other 
planes  of  symmetry,  like  three-and -three.  Those  of  one  set  pass  through  the 
lateral  axes  a,  a,  a  (Figs.  195,  198)  and  are  194. 

hence  parallel  to  the  faces  of  the  form  (lOlO) 
lettered  fw,  as  in  Fig.  208.  The  others  are 
diagonal  to  the  first  set  (Figs.  196, 198)  and  are 
parallel  to  the  faces  of  the  form  (ll5o)  lettered 
a.  Fig.  208. 

Further,  these  crystals  have  one  principal 
axis  of  hexagonal,  or  sixfold,  symmetry,  the 
vertical  crystal lographic  axis  ;  also  six  hori- 
zontal axes  of  binary  symmetry;  three  of  these 
coincide  with  the  lateral  crystallographic  axes, 
the  others  are  diagonal  to  them.  The  symmetry 
of  this  group  is  exhibited  in  the  accompanying 
spherical  projection,  Fig.  194,  and  by  the 
figures  in  the  following  pages  from  195  to  209. 

The  analogy  between  this  group  and  the  normal  group  of  the  tetragonal 
system  is  obvious  at  once  and  will  oe  better  appreciated  as  greater  familiarity 
is  gained  with  the  individual  forms  and  their  combinations. 

117.  Forms. — The  possible  forms  in  this  group  are  as  follows  : 


1.  Base 


Miller-Bra  vais. 


(0001) 

2.  Unit  prism,  or  prism  )  /inTn\ 

of  the  first  order      [••••1^"^"; 

t.  Diagonal  prism,  or  prism  )  (hQqx 
of  the  second  order         f  ^        ' 


ooa  :  Qoa  :  coaio 


Naumann. 
0PorO,e 


a:Qoa:  — a:Qoc        coPor/^m 
2a  :  2a  :  —  a  :  00  c       oo  P2  or  t-2,  a 
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Miller-Bravais.  Naumaon. 

4.  Dihexagonal  prism '..  {hkiO)  na  :pa  :  —  a  :  coc       oo  Pn  or  i-n 

as^  (2l30)  }a  :  3a  :  -*-  a  :  00  c      oo  P  J  or  i- J 

'•  ''WJst^rdef  ""''  }  •  •  •  (*«*^)  «:««:-.:  mc  «.P  or  « 

as,  (lOll)  a  :  00 a  :  —  a  :  c    P  or  l;  also  202l  (a  :  oo  «  :  —  a  :  2a)       2P  or  2 

'•  ^3s  of  TSnd  "orT-  [  (*'*-2^-^)        2«  :  2a  :  -  «:  «c      «,P2  or  .-2 

as,  (1122)  2a  :  2fl  :  —  rt  :  c    P2  or  1-2 

'•  ^irb^y'llddS^""''^''  [ (^'*«J         na  .;,«:-  a  :  ^.        i.Pn  or  m^n 

as,  (2l3l)  ja  :  3a  :  -a  :  3c      3P|  or  3-J 
In  the  above  h  >  k,  and  A  +  A:  =  —  i. 

Ii8  Base — The  base,  or  basal  pinacoid,  includes  the  two  faces,  0001  and 
0001,  parallel  to  the  plane  of  the  lateral  axes  It  is  uniformly  designated  by 
the  letter  c;  see  Fijro.  195  et  seq. 

119.  Priimt.  unit  Prism. — There  are  three  types  of  prisms,  or  forms  in 
which  the  faces  are  parallel  to  the  vertical  axis. 

The  unit  prism,  or  prism  of  the  first  order,  Fig.  195,  includes  six  faces, 
each  one  of  which  is  parallel  to  the  vertical  axis  and  meets  two  adjacent  lateral 
axes  at  equal  distances,  while  it  is  parallel  to  the  third  lateral  axis.  It  has 
hence  the  general  symbol  (lOTO)  and  is  uniformly  desigriated  by  the  letter  m; 
its  six  faces,  taken  in  order  (see  Figs.  195  and  209),  are: 

lOlO,    Olio,    1 100,    lOlO,    0110,     lIOO. 

120.  Diagonal  Prism. — The  diagonal  prism,  or  prism  of  the  second  order, 
Fig  19€,  has  six  faces,  each  one  of  wliich  is  parallel  to  the  vertical  axis,  and 
meets  the  three  lateral  axes,  the  two  alternate  at  the  unit  distance,  t)ie  other 
at  one- half  this  distance;  or,  which  is  the  same  thing,  it  meets  the  last-named 
axis  at  the  unit  distance,  the  others  at  double  this  distance.*  The  general 
symbo:  is  (llSO)  and  it  is  uniformly  designated  by  the  letter  a;  the  six  faces 
Vsee  Figs  196  and  209)  in  order  are  : 

ll20,     I2l0,    3110,    II20,     1210,    2lT0. 

The  unit  prism  and  the  diagonal  prism  are  not  to  be  distinguished  geo- 
metrically, each  beinc  a  regular  hexagonal  prism  with  normal  interfacial  angles 
of  60°.  They  are  related  to  each  other  in  the  same  way  as  the  two  square 
prisms  m  (110)  and  a  (100)  of  the  tetragonal  system. 

The  relation  in  position  between  the  unit  prism  (and  pyramids)  on  the  one 
hand  and  the  diagonal  prism  (and  pyramids)  on  the  other  will  be  understood 
bette/  from  Fig.  198,  representing  a  cross-section  parallel  to  the  base  c, 

12L  Dihexagonal  Piiim. — The  dihexagonal  prism,  Fig.  197,  is  a  twelve-sided 
prism  bounded  b}  twelve  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis,  and  also  meets  two  adjacent  lateral  axes  at  unequal  distances  the  ratio 
of  which  always  liei  between  1  : 1  and  1  . 2  (see  2  p.  66)  This  prism  has  two 
unlike  ed^es,  lettered  x  and  y,  as  shown  in  Fig  197.  The  general  symbol  is 
(hkiO),  and  the  faces  of  a  given  form,  as  (2l30),  are : 

2l30,    1230,    1320,    23!0     32iO,    3120, 
2180     1830.     1320,    25lO     35!l,    3I20. 


*  Bince  ICiZlOf  !~ia»:ao(^  in  equWrtlent  lo  2ai.*2/i« :  ^  l^t  :ao^ 
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122.  FyramidB.  Unit  Pyramid!.— Corresponding  to  the  three  types  ol 
prisms  just  mentioned,  there  are  three  types  of  pyramids. 

A  unit  pyramid,  or  pyramid  of  the  first  order.  Fig.  199,  is  a  form  bounded 
by  twelve  similar  triangular  faces — six  above  and  six  below — which  have  th* 
same  poaition  relative  to  the  lateral  axes  as  198. 

the  faces  of  the  unit  prism,  while  they  also 
intersect  the  .vertical  axis.  The  general  symbol 
is  hence  (/(OM).  The  faces  of  a  given  form,  as 
OOil),  are : 

Above  10!l,  OlTl,  IlOl,  Ton,  0111.  lIOl. 

Below  lOli,  OlII,  !10!,  lOlT,  OllI,  iTol. 
On  a  given  species  there  may  be  a  number  ~ 
of  unit  pyramids,  diSering  in  the  ratio  of  the 
lateral  to  the  vei'tical  axis,  and  thus  forming  a 
zone  between  the  base  (0001)  and  the  faces  of 
the  unit  prism  (1010).  Their  symbols,  passing 
from  the  base  (0001)  to  the  nnit  prism  (lOiO), 
would  be,  for  example,  1014, 1012,  3053,  10!l,  3032,  205l,  etc.  In  Fig.  202, 
the  faces  0  and  s  are  unit  pyramids  and  they  have  the  symbols  respectively 
(loll)  and  (203l),  here  ^=1-014.    In  Fig.  205,p  is  the  unit  pyramid  (lOll); 


here  t  =  0'50.  As  shown  in  these  cases  the  faces  of  the  nnit  pyramids  replK 
the  edges  of  the  nnit  prism.  On  the  other  hand,  they  replace  the  solid  Vt^ 
of  the  diagonal  prism  a  (1120)  as  shown  in  Fig.  204. 
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12S.  Diagofiftl  Pyramidt.  —  The  diagonal  pyramid,  or  pyramid  of  the 
•econd  order  (Fig,  200),  is  a  double  Bix-aided  pyramid  including  the  twelve 
similar  faces  which  have  the  same  position  relative  to  the  lateral  axes  as  the 
faces  of  the  diagonal  prism,  aiid_wmcb  also  intersect  the  vertical  axis.  They 
have  the  general  symbol  (A  *  A  *  2A '  /).  The  symbols  of  the  faces  of  the  form 
(llS2)  are : 

Above  1132,    I2l2,    SU2,     1122,     lSl2,    2ll2. 
Below  1X53,    1213,    3ll5,    IIsS,    lSl2,    2iI2. 

The  faces  of  the  diagonal  pyramid  replace  the  edges  between  the  faces  of 
the  diaeonal  prism  and  the  base.  Further,  they  replace  the  solid  angles  of  the 
nnit  prism  m  (lOlO).  There  may  be  on  a  single  crystal  a  number  of  diagonal 
pyramids  forming  a  zone  between  the  base  c  (0001)  and  the  faces  of  the  diagonal 

frism  a  (llSO),  as,  naming  them  in  order:  1124,  ll32,  2223,  ll3l,  etc.     In 
ig  205,  0,  t  are  the  diagonal  pyramids  (ll33)  and  (ll3l). 


206. 
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124.  Dihezagonal  Pynmid. — The  dihexagonal pyramid.  Fig.  201,  is  a  double 
twelve-sided  pyramid,  having  the  twenty-four  similar  faces  embraced  under 
the  general  symbol  (hkil).  It  is  bounded  by  twenty-four  similar  faces,  each 
meeting  the  vertical  axis  and  having  a  ratio  for  the  intercepts  on  two  adjacent 
lateral  axes  between  1 : 1  and  1  : 2  (cf.  the  general  symbol  (3)  given  in  Art. 

■  115).     Thus  the  form  (2l5l)  inclodes  the  foUowiLg  twelve  faces  in  the  upper 
half  of  the  crystal : 

2l3l,    1231,    13-31,    33ll,    3211,    3l21, 
2131,    1231,    1321,    2311,    33Il,    3!3l. 

And  similarly  below  with  I  (here  1)  negative,  2l3l,  etc  The  dihexagonal 
pyramid  ie  often  called  a  herylloid  because  a  common  form  with  the  species 
beryl      In  Fig  206,  w  is  the  berylloid  (11  •2-I3-3). 

125.  Combinatiou. — Fig.  207  of  beryl  shows  a  combination  of  the  base 
e(0001)  and  prism  m  (1070)  vrith  the  nnit  pyramids  »  (loTl)  and  h  (203l)i 
the  diagonal  pyramid  x  (llSl)  and  the  berylloids  v  (2131)  and  n  (3lll).  Both 
Qm  last  forms  lie  in  a  lone  between  m  and  t,  for  which  it  is  true  that  k=l. 
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The  basal  projection  of  a  similar  crystal  shown  in  Fig.  308  is  very  instnictiTa 
as  exhibiting  the  symmetrf  of  the  normal  hexagonal  group.     This  is  also  trus 


CoDoellite.  Bei7l.  Beryl. 

of  the  spherical  projection  in  Fig.  209  of  a  like  crystal  with  also  the  fwm 
0  (1132). 
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2.  HEMIMORPHIC  GROUP  (14)     lODyRITE  TYPE. 

126.  Symmetry.— This  group  differs  from  the  normal  group  only  in  having 
ao  transverse  plane  of  principal  symmetry  .and  no  horizontal  axes  of  binary 
symmetry.    It  has,  however,  tne  same  two  sets  of  planes  of  symmetry  meeting 

at  angles  of  30*^  in  the  vertical 
axis  which  is  an  axis  of  liex 
agonal  symmetry.  There  is  no 
center  of  symmetry.  The 
symmetry  is  exhibited  in 
the  spherical  projection,  Fig 
210. 

127  Forms.  —  The  forms 
belonging  to  this  group  are 
the  two  basal  planes,  0001  and 
0001,  here  distinct  forms,  the 
plus  (upper)  and  minus 
(lower)  pyramids  of  each  of 
lodyrite.  the  three  types;  also  the  three 
prisms,  which  last  do  not  differ  geometrically  from  the  prisms  of  the  normal 
group.  An  example  of  this  group  is  found  in  iodyrite,  or  silver  iodide,  Fig 
211 ;  here  u  =  (4041),  n  =  (4035),  /3  =  (Q-Q'Ig'SO).  Greenockite  and  wurtzite, 
also  ^incite  (Fig  50,  p.  18)  are  classed  here,  but  there  is  some  reason  for 
believing  that  these  species  belong,  with  tourmaline,  to  the  corresponding 
group  under  the  trigonal  (rhombohedral)  division. 


3   PYRAMIDAL  GROUP  (15).    APATITE  TYPE. 

128.  Typical  Forms  and  Symmetry. — This  group  is  important  because  it 
includes   the  common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
mimetite,  vanadinite.     The  typical  form  is  the  212. 
hexagonal  prism  (hkiO)  and  the  hexagonal  pyra- 
mid (hkil),  each  designated  as  of  the  third  order. 
These  forms  are  shown  in  Figs.  213  and  214. 
They  and  the  other  forms  of  the  group  have  only 
one  plane  of  symmetry,  the  plane  of  the  horizontal 
axes,  and  also  one  axis  of  hexagonal  symmetry 
(the  vertical  axis). 

The  symmetry  is  exhibited  in  the  spherical 
projection  (Fig.  212).  It  is  seen  here,  as  in  the 
figures  of  crystals  given,  that,  like  the  pyramidal 
group  under  the  tetragonal  system,  the  faces  of 
the  general  form  (hkll)  present  are  half  those 
belonging  to  each  sectant,  and  further  that  those  above  and  below  fall  in 
same  vertical  zone. 

129.  Prism  and  Pyramid  of  the  Third  Order.— The  prism  of  the  third  order 
(Fig.  313)  has  six  like  faces  embraced  under  the  general  symbol  {hklO),  and 
the  forni  is  a  regular  hexagonal  prism  with  angles  of  60°,  not  to  be  distinguished 
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geometrically,  if  alone,  from  the  other  hexagonal  prisms  ;  cf.  Figs,  195,  196, 
p.  68     The  BIX  faces  of  the  right-handed  form  ['i'iSO)  have  the  symbols 
2130,     1330,     3-^10,     5130,     l320,    32TO. 
The  faces  of  the  complementary  left-handed  form  have  the  symbols ; 

1230,     S3i0,     3 120,    1330,    2310,     3!50. 
These  two  forms  together  embrace  all  the  faces  of  the  dihexagonal  prism 


(Fig.  197). 
The  p' 


E  pyramid  is  aUo  a  regular  hexagonal  pyramid  of  the  third  order,  and  in 
it*  reluliong  to  the  other  hexagonal  pyramids  of  the  group  (Figs.  199, 200)  it  is 
aiialogotiE  to  the  squaie  pyramid  of  the  tliird  order  met  with  in  the  correspond- 
ing group  of  the  tetragonal  system  (see  Art.  98).  The  faces  of  the  right- 
handed  form  (2i:l3)  are : 

Above  2133,    l333,    3213,    2T33,     l323,    35i3. 

Below  2l33,    1333,    52l3,    Sl33.    1323,    3213. 

There  is  also  a  complementary  left-lianded  form,  which  with  this  embraces 

all  the  faces  of  the  dihexagonal  pyramid.     The  cross  section  of  Fig.  215  shows 

iu  outline  the  position  ot  the  unit  prism,  and  also  that  of  the  right-baoded 

prism  of  the  third  order. 

313.  314.  316. 


ApitiLe.  Apatite.  Aimlite. 

The  prism  and  pyramid  just  described  do  not  often  appear  on  crystals  as 
predomiuiiting  forms,  though  this  is  sometimes  the  case;  for  axample.  Fig.  217 
sliowa  a  crystal  of  apatite  in  which  the  prominent  pyramid  |i  ie  a  pyramid  of 
the  tliird  order  (2l3l).  Commonly  tlieae  faces  are  present  modifying  other 
fundamental  forms,  and  their  character  is  obvious  from  their  position  relatively, 
for  example,  to  the  unit  prism  tn  (1010). 
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130.  Other  Forms. — The  remaining  forms  of  the  group  are  geometrically 
like  those  of  the  normal  group,  viz.,  the  base  (0001)  ;  the  unit  prism  (lOlO)  ; 

the  diagonal  prism  (ll20);  the  unit  pyramids  (hOhl)]  and  the  diagonal  pyra- 
mids (h'h'2h'l).  That  their  molecular  structure  is  the  same  is  readily 
proved,  for  example  by  etching.  In  this  way  it  was  shown  that  pyromorpliite 
and  mimetite  belong  in  the  same  group  with  apatite  (Baumhauer),  though 
crystals  with  the  typical  forms  have  not  been  observed. 

131.  Typical  crystals  of  apatite  are  given  in  Figs.  216,  217,  and  218  (a  basal 
section).  They  show  the  third-order  prisms  k  (4150),  /*  (2l3o),  h^  (12;lo),  and 
the  third-order  pyramids,  right,  //  (2l3l),  n  (3141),  q  (43?1),  o  (^1?2),  left,. 
I  (1232);  also  the  unit  pyramids  r  (10l2),  x  (lOll),  y  (202l),  z  (3031);  the 
diagonal  pyramids  v  (llS2),  s  (ll3l);  finally,  the  prisms  7n  (lOlO),  a  (ll20),. 
and  the  base  c  (0001). 

4.  PYRAMIDAL-HEMIMOBPHIC  GROUP  (16).    NEPHELITE  TYPE. 

132.  Symmetry. — A  fourth  group  under  the  hexagonal  system,  the  pyra- 
midal'hemimorphic  group,  is  like  that  just  described,  except  that  the  forms  are 
bemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent,  but  the 
vertical  axis  is  still  an  axis  of  hexagonal  symmetry.  This  symmetry  is  shown 
in  the  spherical  projection  of  Fig.  219.  The  typical  form  would  be  like  the 
upper  half  of  Fig.  214  of  the  pyramid  of  the  third  order.  The  species  nephelite 
is  shown  by  the  character  of  the  etching-figures  (Fig.  220,  Groth  after  Baum- 
hauer) to  belong  here. 

219.  220. 


Nephelite. 

6.  TRAPEZOHEDRAL  GROUP  (17). 

133.  Symmetry. — The  last  group  of  this  division  is  the  trapezohedral  group. 
It  has  no  plane  of  symmetry,  but  the  vertical  axis  is  an  axis  of  hexagonal 

221.  222. 

V -# 
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right  aiid  left  hexagonal  trapczohedrous  (see  Fig.  2*i2),  are  enaiitioniorphous^ 
aud  the  few  crystallized  salts  falling  in  this  group  show  circular  polarization. 
The  symbols  of  the  right  form  (•2133)  are  as  follows  : 

Above  :2l53,     1353,     3213,     2l33,     i:l23,    32l3. 

Below  1233,    2313,    3l23,    1533,    23l3,    3153. 


B.    Trigonal  or  Rhombohedral  Division. 

134.  Oeneral  Character. — As  stated  on  p.  65,  the  groups  of  this  division 
are  characterized  by  a  vertical  axis  of  trigonal,  or  threefold,  symmetry.  There 
are  seven  gronj)s  here  included  of  which  the  group  of  the  Oalcite  Type  is  by 
far  the  most  important. 

135.  Trigonotype  Group. — The  first  group  (18),  that  which  has  strictly  the 

223.  224.         nighest  grade  of  symmetry,  has 

no  known  representatives  among 
crystals,  natural  or  artificial.  It 
has,  besides  the  vertical  axis  of 
tri<]ronal  svmmetrv,  three  hori- 
zontal  axes  of  binary  symmetry. 
There  are  four  planes*  of  sym- 
metry, one  horizontal,  and  three 
others  intersecting  at  angles  of 
60°  in  a  vertical  axis.  The  char- 
acteristic forms  are  the  trigonal 
prism  and  pyramid  and  ditrigonal 
prism  and  pyramid.  The  sym- 
metry is  exhibited  in  Fig.  223.  The  typical  form  (Fig.  224)  is  a  double 
ditrigonal  pyramid  with  terminal  edges  alike  in  alternate  sets  of  three  each, 
niis  form  may  be  comj)ared  to  ascalenohedron  twinned  about  the  vertical  axis. 

2.  RHOMBOHEDRAL   GROUP  (19).     CALCITE   TYPE. 

136.  Typical  Forms  and  Symmetry.  -  -The  typical  forms  of  the  rhomhohtdraX 
qrnnp  are  the  rhoniboliedron  (Fig.  226)  and  the  scalenohedron  (Fig.  242). 
Tliese  forms,  with  the  spherical  projection.  Figs.  226. 

22r»  and  252,  illustrate  the  svmmotrv  chanicier- 
isti'^  of  the  group.  By  comparing  Fin.  252  with 
Fig.  2O0,  p.  TO,  it  wili  be  seen  that  all  the  faces 
in  lialf  the  sectants  are  present.  This  group  is 
henoo  analogous  to  the  tetrahedral  group  of  the 
i"«ometric  system,  and  the  sphenoidal  group  of  the 
tetra'j<^nal  system. 

In  this  group  there  are  three  planes  of  ?ym- 
niotrvonlv;  these  are  diasronal  to  the  crvstallo- 
graphic  axes  and  intersect  at  angle*  of  60^  in 
the  vertical  crystallographic  axis.  'I'his  axis  is 
with  these  forms  an  axis  of  tricronal  svmmetrv; 
there  are,  further,  three  horizontal  axes  of  binary  symmetry. 
225,  also  Fig.  226  ti  seq. 
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137.  Shombohedron. — Geometrically  described,  the  rhombohedron  is  u  solid 
bouuded  by  six  like  faces^  each  a  rhomb.  It  has  six  like  lateral  edges  forming 
a  zigzag  line  about  the  crystal,  and  six  like  terminal  edges,  three  above  and 
three  in  alternate  position  below.  The  vertical  axis  joins  the  two  trihedral 
solid  angles^  and  the  lateral  axes  join  the  middle  points  of  the  opposite  sides^ 
as  shown  in  Fig.  226. 

The  general  symbol  of  the  rhombohedron  is  (hOhl),  and  the  successive  faces 
of  the  unit  form  (lOll)  have  the  symbols  : 

Above,  lOll,    IlOl,    Olll;        below,  0111,     1011,     llOT. 

The  geometrical  shape  of  the  rhombohedron  varies  widely  as  the  angles 
change,  and  consequently  the  relative  length  of  the  vertical  axis  d  (expressed 
in  terms  of  the  lateral  axes,  a  =  1).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened ;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  with  an  octahedral  axis 
vertical  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90*".  In  Fig.  226  of  calcite  the  normal  rhombo- 
hedral  an^le  is  74**  55'  and  i  =  0*854,  while  for  Fig.  228  of  hematite  this  angle 
is  94°  and  /5  =  1-366.  Furbher,  Figs.  229-234  show  other  rhombohedrons  of 
calcite,  namely,  e  (0l!2),  0  (0554),  /  (0221),  J/ (403l),  and  r  (13-0-I3-1), 
p  (16"Ol5*l),  here  the  vertical  axes  are  in  the  ratio  of  |,  f,  2,  4,  13,  16,  to  that 
of  the  fundamental  (cleavage)  rhombohedron  of  Fig.  226,  whose  angle  deter- 
mines the  value  of  d. 

226.  227.  228. 


138.  Pins  and  Kinns  Bhombohedrons. — To  every  plus  rhombohedron  there 
may  be  an  inverse  and  complementary  form,  identical  geometrically,  but 
bounded  by  faces  falling  in  the  alternate  sectants.  Thus  the  minus  form  of 
the  unit  rhombohedron  (Olll)  shown  in  Fig.  227  has  the  faces: 

Above,  Olll,    Ion,     lIOl;        below,  IlOl,    Olll,     lOlI. 

The  position  of  these  in  the  spherical  projection  (Fig.  252)  should  be 
carefuUv  studied;  see  also  Fig.  262.  Of  the  figures  already  referred  to.  Figs. 
226,  228,  232,233  are  plus,  and  Figs.  227,  229,  230,  23rminus,  rliombohe- 
drons;  Fi^.  234  shows  both  forms. 

It  will  bo  seen  that  the  two  complementary  plus  and  minus  rhombohedrons 
of  ^'veii  axial  length,  that  i?,  of  given  jvnsrle,  e.ff.,  1011  (-f  R^  and  oTl  1  (—  7/). 
tofrether  embrace  all  the  like  faces  of  the  double  six-sided  pyramid.  Wlirn 
these  two  rhombohedrons  are  equally  developed  the  form  is  goonietrically 
identical  with  this  pyramid.  This  is  illustrated  by  Fig.  237  of  gmelinite 
r  (lOTl),  p  (Olll)  and  by  Figs.  266,  267,  p.  83,  of  quartz,  /•  (lOll),  z  (Olll).* 

*  Qnnrtz  nerren  an  a  conveDient  illiisirntlon  in  this  case,  none  the  less  so  notwithstniulirg 
the  fact  that  it  belongs  %o  the  trapezohedrul  group  of  this  divisioD. 
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Id  each  case  tlic  form,  which  is  geometrically  an  hexagonal  pyramid  (in  Fig. 
237  with  c  and  m),  is  iii  fact  a  combiuation  of  the  two  unit  rhombohedrons, 
plue  and  minus.  Commonly  a  difFereuce  in  size  between  the  two  forms  may 
be  observed,  as  iu  Figs.  336  and  268,  where  the  form  taken  as  the  plus  rhombo- 
Imdroii  predominates.  But  even  if  this  distinction  cannot  be  established,  the 
two  t'hombobedrouB  can  always  be  distinguished  by  etching,  or,  as  in  the  case 
of  quartz,  by  pyro-electrical  phenomena. 

229.  231.  233.  233.  234. 


Pig8.  239-285,  Calciie,  Figt.  Sw^  ^T.  -j^ellQlte. 
139  Of  the  two  aeries,  oi  zones,  of  .'.irmbohedronB  the  faces  of  the  plat 
rhombohedrons  replace  the  edges  betiYi-en  the  base  (0001}  and  tiie  unit  prism 
(lOlO).  Also  the  faces  of  the  minun  (■ftrtmioAcrfrons  replace  the  alternate  edge* 
ot  the  same  forms,  that  is,  the  edf^s  netween  (0001)  and  (0110),  (compare  Figa. 
236.  237,  etc.).  Fig.  238  sbowt  the  rhombonedron  in  combination  with  toe 
238  240.  241. 


base  Fig.  230  the  same  *nth  the  prism  a  (ll50).  When  the  angle  between  the 
two  forme  happens  to  approximate  to  70  33'  the  crystal  simulates  the  upect 
of  8  regular  octahedron.    This  is  illustrated  by  Fig.  240;  ben  co  =  69' «*, 
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rUo  00  =  71'  22',  and  the  crystal  resembleB  closely  an  octahedron  with  troD- 
cated  edges  (cf.  Fig  77,  p.  36). 

140.  There  is  a  very  simple  relation  between  the  phis  and  minus  rhombo- 
hedroDS  which  it  is  important  to  remember.  The  form  of  one  series  which 
tmucates  the  terminal  edges  of  a  given  form  of  the  other  has  half  the  length 
of  the  vertical  axis,  and  tliis  ratio  is  expressed  in  the  values  of  the  indices 

of  the  two  forms.  Thus  {Oll2),  or  —  -  B,  truncates  the  terminal  edges  of 
the  plus  onit  rbombobedroD  (lOll),  or  K;  (10l4),  or  -f  jR,  truncates  the 

terminal  edges  of  {Ol!2),  or  —  5  R,  10l5  ol  (2035).     Again  (lOll),  or  +  R, 

truncates  the  edges  of  (02Sl),  01  -  2R;  (404l),  or  +  4R,  of  023l,  or  -  2R, 
etc  This  is  illustrated  by  Fig.  235  with  the  forms  r  (lOU)  and  /(02Sl). 
Also  in  Fig,  241  a  basal  projection,  z  (10l4)  truncates  the  edges  of  e  (OlIS), 
6(0112)  of  r  (toll);  r  (lIOl)  of  S  (023l). 

141.  Scalenohedron. — The  scahnohedron,  shown  in  Fig.  242,  is  the  general 
form  for  this  group  corresponding  to  the  symbol  hkll.     It  is  a  sua. 
solid,  bonnded  by  twelve  faces,  each  a  scalene  triangle.     It  has 
ronghly  the  shape  of  a  double  sii-sided  pyramid,  but  there  are 
two  sets  of  terminal  edges,  one  more  obtuse  than  the  other, 
and  the  lateral  edges  form  a  zigzag  edge  around  like  that  of 
the  rhom  bohedron.      Like   the   rhombohedrous.    the    scaleno- 
hedrons  may  be  either  plus  or  minus  according  as  to  whether   . 
the  faces  are  symmetrical  to  the  zone-circle  lOTO,  OOOl,  or  to  1 
OlTO,  0001,     The  former  plus  forms  correspond  in  position  to 
the  plus  rhombohedrong  and  conversely. 

The  pins  scalenohedron  (2l3l),  Fig.  242)  has  the  following 
symbols  for  the  several  faces: 

Above    2131,    53!l,    5211,    1331,    l331,    3l3l. 

Below    1231.    I3ST,    3l2i,    2l3l.    234l,    33Ii.  a^i^^„^^j„„_ 

For  the  complementary  minus  scalenohedron  (123l)  the  symbols  of  the 
faces  are: 

Above    1251,  I35l,     3l21,    3l31,  2311,    32Il, 

Below     2311,  3211,    IS3I,    l321,  3l2i,    2131. 

141.  BcUtion  of  SMUaohtdroiu  to  Bhonbohtdioai,— Ic  was  noted  above  that  tlie  scaleno- 
b<;ilriiu  in  ^ueml  has  a  series  of  Eipzug  lateiul  L'dKes  lilie  Ibe  rtiomboliedruD.  It  ia  obvious, 
furllier.  thnl  for  evi-ry  rljoniboUudroii  lliere  will  be  11  serka  or  zuue  i>f  Bcaleuoliedroni 
buviiiK  tlie  tanu  kteral  edges.  This  is  sbowu  in  Fig.  345,  wbere  Ibe  sculcLUbedroD 
v(31SI)  bevels  tbe  lateral  eiiu;es  of  lliu  futidnmemal  rbombiDbedroii  r(lOll);  tbe  same 
would  be  true  of  Ibc  araleuohedmu  <32Sl),  etc  Further,  in  Fig.  346.  tbe  minus  scaleno- 
hedroD  z  il341)  bevela  tlie  lateral  edges  of  the  miiiu<i  rbombobcdron/iOSSt).  The  relalion 
of  Ibe  indices  wblrb  must  exiel  lu  these  eitsi«  mn;  be  abown  to  be,  for  example,  for  the 
rboniboheilron  r  (lOll).  h  =  k-\-l;  ngiia  ror/(02SI),  h  ■\- ^  =  k,  etc.  8ee  also  tbe  pro 
jectioii.  Fig.  353. 

Further,  tbe  position  of  tbe  scale noliedron  may  be  defined  witb  reference  to  iis  parent 
rlioiiibobed rou.  For  example,  in  Fig.  HH  ibe  BCnlenobedron  c  (3lSl)  baa  three  times  tbe 
veoicnl  axis  of  the  unit  rbomlmbcdron  r  (iOil).  Again  in  Fig  34S  x  (1341)  has  twice  liie 
vertical  axis  of  /(0231).  Hence  the  syslein  of  symtiols  devised  by  Naiimann  to  express 
Ibis  relattou.  written  in  general  mRn  or  (In  Dnua'a  System  m"),  where  tlie  n  eiipresBes  the 
multiple  value  ol  tbe  vertical  axis  correspondiDg  lo  tbe  rboin bohedron  mR.    The  symbol 
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-  SR,,  or  -  2'.    It  mPn  fi  the  symbol  of  a  acalenO' 
n.  tliut  referred  iu  this  way,  it  may  be  shown  that 


Figs.  247  348,  Conindi 


Figa.  246.  250,  SpaogoHte.* 


3S1. 


143.  Other  Forms.— The  remaining  fomna  of  the  normal  group  of  the 
rhombohedmt  division  are  geometrically  Jike 
those  of  the  corresponding  group  of  the  hexa- 
gonal system — viz.,  the  bftse  c  (0001);  the  prisma 
m  (lOlO),  a  (llSO),  {/ikiO);  also  the  diagonal 
pyramids,  as  (ll3l).  Some  of  these  forms  are 
shown  in  the  accompanying  fignres.  For  further 
illtistrutions  reference  may  be  made  to  typical 
rhonibohednti  species,  aa  calcite,  hematite,  etc.        , 

With  respect  to  the  diajronal  pyramid,  it  is 
interesting  to  note  that  if  it  occurs  alone  (as  in 
Fig.  247,  H  =  224:i)  it  is  impoasihle  to  say,  on 
geometrical  gronnds,  whether  it  has  the  trigonal 
symmetry  of  the  rhombohedral  type  or  the  hexa- 
gonal symmetry  of  the  heiagonal  type.  In  the  ~ 
latter  case,  the  form  might  be  made  a  nnit  pyramid  by  exchanging  the  aiial 
and  diagonal  planes  of  symmetry.  The  true  symmetry,  however,  is  often 
indicated,  as  with  oonindnm.  hv  tlie  occurrence  on  other  crvstals  of  rhombo- 
hedral faces,  as  r  (lOTl)  in  Fig.  248  (here  z  =  22ll.  w  =  14-14-38-3).  Even 
if  these  are  absent  {Fig.  249),  the  etching- figures  (Fig.  350)  will  often  serve 
to  reveal  the  true  trigonal  molecular  symmetry;  here  o  =  (US4),p  =  (3122). 

144.  A  basal  projection  of  a  somewhat  complex  crystal  of  caloite  ia  (pven 
in  Fig.  251,  and  »  spnerical  projection  for  the  ume  species  in  Fig.  262;  both 

*BpiLDgollie  beloDgs  properly  to  ibo  next  (bemlmorphic)  gronp,  but  this  &M  dON  BOl 
dtMK!y  the  value  of  iSa  llluatnitlon. 
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ahow  well  the  symmetrj  in  the  distribution  of  t]ie  faces.  Here  the  forms  are: 
prisms,  fl  (llSO),  m  (lOTO);  riiombohedrons,  plus,  r  (lOTl),  minus*  (Oll2), 
0  {0554),/(022l);  Bcalenohedrone,  plus,  v  {2l3l),  I  (2134),  minus,  a: (ISJl). 


3.     RHOMBOHEDEAL-HEMIMORPHIC   GROUP  (20).     TOUR- 
MALINE TYPE. 
145.  STinmetry. — A     number    of     prominont    rbomboliedral    species,   as 
tourmaline,  pyrargyrite,  pronstite,  belong  to  a  bemiiuoipliic  group  under  this 
nE9  division.     For  them  the  symmetry  in  tile  group- 

ing of  the  faces  differs  at  the  two  estremicies  of 
the  vertical  axis.  The  forms  have  the  three 
diagonal  plunea  of  eymmetry  meeting  ut  angles 
of  60°  in  the  vertical  axis,  whicii  is  nn  axis  of 
trigonal  symmetry.  There  are,  however,  no 
horizontal  axes  of  symmetry,  as  in  tlie  rliombo- 
heilral  gronp,  and  there  is  no  center  of  sym- 
metry.    Cf.  Fig.  253. 

146.  Typic^  Forms. —  In    this    group  the 
basal   planes   (0001)    and    (OOOT)   are  distinct 
forms.     The  other  characteristic  forma  are  the 
two  trigonal  prisms  m(l(il0)  and  >»,  (0110)  of  the 
VLDit  MriM;  ilao  the  four  trigonal  unit  pyramids,  corresponding  respectively 
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to  the  tbree  upper  and  three  lower  faces  of  a  pina  rbombohedroD,  and  the 
three  upper  and  three  lower  faces  of  the  minus  Thombohedron ;  also  the 
hemimorphic  diagonal  hexagonal  pyramid;  finally,  the  tour  ditrigonal  pyra- 
mids, corresponding  to  the  upper  and  lower  faces  respectiyely  of  the  plus  and 
minus  ecalenohedrons.  Figs.  254-257  illustrate  these  forms.  Fig.  256  is  a 
basal  section  with  r,  (OlII)  and  e,  (lOlS)  below. 


354. 


067. 


Elgs.  394-SB7,  TounnaliDe, 


..,(0110). 

u  (am). 


U1120X  ft(4l60),  r(lOil),  fl(IK5lV 


4.  TRI-RHOMBOHEDBAL  GROUP  (21).    PHENACITE  TYPE. 


147.  Symmetrr. — This  group,  illuBtrated  by  the  species dioptase,  phenaciteh 
willeniite,  dolomite,  ilmenite,  etc.,  is  an  impor- 
tant one.  It  is  characterized  by  the  absence  of 
all  planes  of  symmetry,  but  the  vertical  axis  is 
still  an  axis  of  trigonal  symmetry,  and  there  is 
a  center  of  symmetry.     Cf.  Fig,  258. 

148.  Typical  Formi, — The  distinctive  forms 
of  the  group  are  the  rhombohedron  of  the  second 
order  and  the  hexagonal  prism  and  rfaombo> 
hedron,  each  of  the  third  order.  The  group  is 
thus  characterized  by  three  distinct  rhomhohe- 
drons  (each  +  and  — ),  and  hence  the  name 
given  to  it. 

The  complomentary  plus  and  minus  rhombo- 
hedrons  of  the  second  order  together  embrace  all  the  faces  of  the  diagonal 
pyramid  of  the  normal  group.  For  example,  in  a  given  case  the  faces  for  tb« 
plus  and  minus  forms  are: 

Plus       (above)    ll32,    2ll2,    l3l2;     (below)    I2l2,    Il22,    2115, 
Minus    (above)    l2l2,    1122,    2112;     (below)    Sll2,    l2l2,    lltS. 


ass. 

♦- 

■^ 

.'-'  \ 

/    ' 

•fi    / 

\ 

,' 

V 

■¥'■ 

j. 

1 

n: 

o 

C 

/'\ 

\ ./ 

>■- 

-Ik 

HEXAQOKAL  818TBH. 


81 


The  rhombohfldroD  of  the  third  order  has  the  general  symbol  {hktl),  aud 
the  symbols  of  the  sii  like  faces  of  the  plus  right-handed  form  (2l3l)  are: 
Above  2l3l,  5211,  l32l;  below  l33i,  5l3l,  3311. 
Tliere  are  three  other  comnlemeutary  rhombohedrana,  distinguished 
reapectively  as  plus  left<handed  (3l5l),  minus  right-handed  (T35l),  and  minus 
left-handed  (1231).  These  four  sots  of  faces  make  up  the  twenty-four  like 
faces  of  the  dihexagonal  pyramid  of  Fig.  301.  lu  Fig.  259  (drawn  in  the 
reverse  position)  the  minus  right-handed  form  (l332)  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihexagonal  prism  (Fig.  197).  The  faces  in  a 
given  case  (2l30)  have  the  symbols: 

Right      2l30,      I330,      3210,      S!30,      l320,      33l0, 
Left  1230,       53lO,       3120,       1330,       23lO,       3l50. 

14B,  The  remaining  forms  are  geometrically  like  those  of  the  rhombohedral 
group,  viz.:  Base  c(OOOl);  unit  prism  m  (lOiO);   diagonal  prism  o  (ll30); 
rhombohedrotiB  of  the  first  order,  as  (lOll)  and  (Olll),  etc 
269. 


ISO.  The  forms  of  this  eroup  are  best  illustrated  by  the  crystals  of  the 
ipecie«  phenacita,  with  vrhicli  the  minus  right  rhombohedron  x  (l332)  is  not 
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infrequently  the  predominating  form,  as  in  Fig.  259.  The  true  position  of 
this  rhombohedron  is  shown  by  its  relation  to  the  prisms  m  (lOlO)  and  a  (llSO). 
A  more  complex  crystal  of  the  same  species""  is  given  in  Fig.  260,  and  a  basal 
projection  (in  normal  position)  is  shown  in  Fig.  261.  The  faces  present  are: 
rhombohedrons,  first  order,  plus,  r  (lOll),  minus,  z  (Olll),  d  (0112);  second 
order,  right,  p  (ll23),  left,  ;;,  (2ll3),  o  (4j33) ;  third  order,  plus  right,  8  (2l3l), 
minus  left,  x^  (1232),  minus  right,  x  (1322). 

In  order  to  make  clearer  the  relation  of  the  faces  of  the  different  types  of 
forms  under  this  group,  Fig.  262  is  added.  Here  the  zones  of  the  plus  and 
minus  rhombohedrons  of  the  first  order  are  indicated,  also  the  plus  and  minus 
sectants  corresponding  to  each. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  262.  It 
shows  the  distribution  of  the  faces  of  the  four  rhombohedrons  of  the  third 
order  {+  r,  +  l,  —'  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal  prism 
(1010). 

Phbnacite  Type. 


8121  2l8l 

1281  1321 

+  1    +r 
2811  §211 

3121  2131 

-hi    +r 
1231  1821 

2S1I  8211 

loio 

Olio 

1100 

ioio 

0110 

lioo 

8i2i  2l8i 

+  1    +r 
12Si  1821 

-I    -r 
5311  S2li 

3l2i  2l3l 

i23i  182I 

+  1    +r 
2S1I  82il 

6.  TEAPEZOHEDBAL  GROUP  (32).  QUARTZ  TYPE. 
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161.  Symmetry. — This  group  includes,  among  minerals,  the  species  quartz 
and  cinnabar.  The  forms  have  no  plane  of  symmetry  and  no  center  of  sym- 
metry; the  vertical  axis  is,  however,  an  axis  of 
trigonal  symmetry,  and  there  are  also  three 
horizontal  axes  of  binary  symmetry,  coinciding 
in  direction  with  the  crystallographic  axes;  cf. 
Fig.  263. 

152.  Typical  Forms.  —  The  characteristic 
form  of  the  group  is  the  trigonal  trapezohedron 
shown  in  Fig.  264.  This  is  the  general  form 
corresponding  to  the  symbol  {Jikil)^  the  faces 
being  distributed  as  indicated  in  the  accompany- 
ing spherical  projection  (Fig.  263).  There  are 
four  such  trapezohedrons,  two  pins,  called 
respectively  right-handed  (Fig.  264)  and  left- 
handed  (Fig.  265),  and  two  similar  minus  forms, 
also  right-  and  left-handed  (see  the  scheme  given  in  Art.  154).  It  is  obvious 
tlmt  the  two  forms  of  Figs.  2G4,  265  are  enantiomorphous,  and  circular 
poljirization  is  a  striking  character  of  the  species  belonging  to  the  group  as 
elsewliere  discussed. 

The  symbols  of  the  six  faces  belonging  to  each  of  these  will  be  evident  on 
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*  Drawn  with  the  zone  of  minus  rhombohedrons  in  front  to  better  show  the  modifylDg 
faces.    Fig.  259  is  similar. 
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consulting  Figs.  263  and  209,  p.  70.  The  complementary  plus  forms  (r  and  I) 
of  a  given  symbol  include  the  twelve  faces  of  a  plus  scalenohedrou,  while  the 
faces   of  all  four  include  the  twenty-four  264.  266. 

faces  of  the  dihexagonal  pyramid. 

Corresponding  to  these  trapezohedrons 
there  are  two  ditriqonal  prisms y  respectively 
right-  and  left-handed,  as  (2l30)  and  (3l30). 

The  remaining  characteristic  forms  are 
the  right-  and  left-handed  trigonal  prism 
H  (li2o)  and  a  (2lT0);  also  the  right-  and 
left-handed  trigonal  pyramid^  as  (11 22)  and 
(2ll2).  They  include  respectively  the  faces 
of  the  hexagonal  prism  of  the  second  order 
(ll20)  and  those  of  the  corresponding  pyra- 
mid (ll22);  these  are  shown  in  Figs.  196 
and  200. 

153.  Other  Forms. — The  other  forms  of  the  group  are  geometrically  like 
those  of  the  normal  gi'oup.  They  are  the  base  c  (0001),  the  hexagonal  unit 
prism  m  (lOTO),  and  the  plus  and  minus  rhombohedrons  as  (1011)  and  (Oil I). 
These  cannot  be  distinguished  geometrically  from  the  normal  forms. 

154.  ninstrations. — The  forms  of  this  group  are  best  shown  in  the  species 
quartz.  As  already  remarked  (p.  75),  simple  crystals  often  appear  to  be  of 
normal  hexagonal  symmetry,  the  rhombohedrons  r  (1011)  and  z  (Olll)  being 
equally  developed  (Figs.  266,  267).  In  many  cases,  however,  a  diflfercnce  in 
molecular  character  between  them  can  be  observed,  and  more  commonly  one 
rhombohedron,r(10ll),  predominates  ;  the  distinction  can  always  be  made  out 
by  etching.  Some  crystals,  like  Fig.  268,  show  as  modifying  faces  the  right 
trigonal  pyramid  «(ll2l),  with  a  right  plus  trapezohedron,  as  x  (5161).  Such 
crystals  are  called  right-handed  and  rotate  the  j)lane  of  polarization  of  light 
transmitted  in  the  direction  of  the  vertical  axis  to  the  right.     A  crystal,  like 
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Figs.  266-270,  Quartz. 

Fig.  269,  with  the  left  trigonal  pyramid  s  (2     1)  and  one  or  more  left  trapezo- 
hedrons,  as  n^  (6l8l),  is  oalled  left-handed,  and  as  regards  light  has  the  opposite 
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character  to  that  of  Fig.  268.  Fig.  270  shows  a  more  complex  right-handed 
crystal  with  several  plus  and  minus  rhombohedrons^  several  plus  rignt  trapezo- 
hedrons  and  the  minus  left  trapezohedron,  N, 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four  trape- 
zohedrons  (+  r,  -f-  Z,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal 
prism  (1010)  ;  it  is  to  be  compared  with  the  corresponding  scheme,  given  in 
Art.  150,  of  crystals  of  the  pheuacite  type^  In  the  case  of  the  minus  forms 
some  authors  prefer  to  make  the  faces  2l3l,  123l,  etc.,  right,  and  3l2I,  132 1, 
etc.,  lefL 

Quartz  Type. 


■i-l    +r 
3121  21§1 

1231  i821 

+  1    +r 
2311  3211 

Sl21  2181 

1231  1821 

2811  8211 

1010 

Olio 

1100 

ioio 

0110 

lioo 

-r  -  I 
8121  2l3i 

+  r    +1 
12Si  1321 

-r  -I 
2311  3211 

+  r    +1 
3121  2181 

1231  1321 

+  r  4-i 
2311  32ii 

166.  Other  Groups. — The  next  group  (23)  has  one  plane  of  symmetry — that 
of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry — the  vertical  axis. 
There  is  no  center  of  symmetry.  Its  characteristic  forms  are  the  three  types 
of  trigonal  prisms  and  the  three  corresponding  types  of  trigonal  pyramids. 
Cf.  Fig.  271. 

271.  272. 
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The  last  group  (24)  has  no  plane  of  symmetry  and  no  center  of  symmetry, 
but  the  vertical  axis  is  an  axis  of  trigonal  symmetry.  The  forms  are  all  hemi- 
morphic,  the  prisms  trigonal  prisms,  and  the  pyramids  hemimorphic  trigonal 
pyramids.  Cf.  Fig.  272.  Neither  of  these  groups  is  known  to  be  represented 
among  crystals. 

Mathematical  Relations  of  the  Hexagonal  System. 

156.  Choice  of  Axis. — The  position  of  tlie  vertical  crystnllogrnphic  axis  is  fixed  in  all  the 
trroups  of  this  system  since  it  coincides  with  the  axis  of  hcxupronal  symmetry  in  the  hcx- 
uiiorinl  division  and  that  of  tripjonal  symmetry  in  the  rhomhohedral  division.  The  thme 
lateral  axes  are  also  fixed  in  direction  except  in  the  normal  group  and  the  subordinate 
hc'iiiinorphic  group  of  the  hexafi:onal  division  ;  in  these  there  is  a  choice  of  two  positions 
according  to  which  of  the  two  sets  of  vertical  planes  of  symmetry  is  taken  as  the  axial  set. 

167  Axial  and  Angpilar  Elements.— The  axial  element  is  the  length  of  the  vertical  axis,  h, 
in  terms  of  a  lateral  axis,  a  ;  in  other  words,  the  axial  mtio  of  a:h.    A  single  measured 
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angle  (in  any  zone  but  the  prismatic)  may  be  taken  as  the  fundamental  angle  from  wbich 
the  axial  ratio  can  be  obtained. 

The  angular  element  is  usually  taken  as  the  angle  between  the  base  c  (0001)  and  the  unit 
pyramid  (1011),  that  is,  0001  A  1011. 

The  relation  between  this  angle  and  the  axis  6  is  given  by  the  formula 

tan  (0001  A  1011)  X  \Vd  =  A. 

The  vertical  axis  la  also  easily  obtained  from  the  unit  diagonal  pyramid,  since 

tan  (0001  A  11§2)  =  6, 
These  relations  become  general  by  writing  them  as  follows: 

tan  (0001  A  hOhl)  X  ^4^  =  j  X  <; 

tan  (0001  A  h'h'2hl)  =  ^A  x  i. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on 
the  spherical  projection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
solution  of  spherical  triangles,  or  by  the  applicut  on  of  both  methods.  lu  practice  most  of 
the  triangles  used  in  calculation  are  riffht-anfflcd. 

168.  Tangent  and  Cotangent  Eelations.— The  tangent  relation  holds  good  in  any  zone 
from  e  (0001)  to  a  face  in  the  prismatic  zone.    For  example: 

tan  (0001  A  hOht)  _  n^  ^    tan  (0001  A  h'h'Ul)  __  2h 
tan  (0001  A  lOll)  ""  /  '       tan  (0001  A  1122)     "    I ' 

In  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form ;  for  example,  for  a 
dihexagonal  prism,  hkiO,  aa  (2l80): 

cot(10iOAAMO)  =  ?^|/j; 

cot  (U50  A  hkiO)  =  l-^l^f^S. 

The  sum  of  the  angles  (1010  a  hkiJO)  and  (ll50  a  hkiO)  is  equal  to  80*. 

Further,  the  last  equations  can  be  written  in  a  more  general  form,  applying  to  any 
pyramid  (hIcU)  in  a  zone,  first  between  1010  and  a  face  in  the  zone  0001  to  01 16,  where  the 
angle  between  1010  and  this  f nee  is  known;  or  a&rain,  for  the  same  pyramid,  in  a  zone 
between  11§0  and  a  fnce  in  the  zone  0001  to  1010,  the  angle  between  1120  and  this  face 
being  given.  For  example  (cf.  Fig.  209,  p.  70),  if  the  first- mentioned  zone  is  lOlOAAirOlll 
Hnd  the  second  is  \120'hkil'10ll,  then 

cot  (lOiO  A  hklJ)  =  cot  (lOlO  A  Olll) .       2"     ' 
and 

cot  (llSO  A  hkll)  =  cot  (Il50  A  lOll) .  4^- 
Also  similarly  for  other  zones, 

O  7,      I      1. 

cot  (lOlO  A  hkU)  =  cot  (lOlO  A  025l).  — ^,  etc. 
OOt  (llSO  A  hkU)  =  cot  (lOiO  A  205l) .  |±|.  etc. 
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169   Other  Angular  Belationi. — The  following  simple  relationa  are  of  frequent 

(1)  For  a  U7ni  hexagonal  pyramid 

tan  i(10il  A  0111)  =  sin  ^f'i,  where  tan  ^  s  ^ 
and  in  general 

-  -  A 

tan  i  (AOAZ  a  Ohhl)  s  sin  li^i,  where  tan  ^  =  -jA. 

(2)  For  a  diagonal  pyramid,  as  (1122), 

2  sin  i  (1122  A  1212)  =  sin  4,       and       tan  ^  =  ^ 
(8)  For  a  rhombohedron 

sin  i  (1011  A  1101)  =:  sin  a|/},  where  a  =  (0001  A  lOll); 
in  general 

sin  i  {?iOhl  A  MOO  =  si"  cc.Vi*  where  a,  =  (0001  A  hOhl). 

160.  Zonal  Belationi. — The  zonal  equations,  described  in  Arts.  48,  44.  applv  here  as  in 
other  systems  only  that  it  is  to  be  noted  that  one  of  the  indices  leferring  to  the  lateral  axes, 
preferably  the  third,  i,  is  to  be  dropped  in  the  calculations  and  only  the  other  three  em- 
ployed. Thus  the  indices  (u,  v,  w)  of  the  zone  iu  which  the  faces  (hinl),  {pfit)  He  are 
given  by  the  scheme 

h       k       I       h       k 


XXX 


where  u  =  A^  —  g/,        y  =  Ip  -^  ht,        w  =z  hq  ^  kp. 

For,  exanaple  (Fig.  216),  the  face  u  lies  in  the  zone  ms,  1010  - 1121  and  also  in  the  zone 
w'y.  Olio  •*2021.  For  the  first  zone  the  values  obtained  are  :  u  =  0,  v  =  i,  w  =  1;  hence 
for  any  face  in  this  zone  the  relation  k  =  I  holds  true.  Similarly  for  the  second  zone 
e  =  1,  /  ■=  0,  g  =  —  2,  or  A  =  2/.  Therefore  the  symbol  of  the  given  face  is  given  either 
by  the  scheme 

0       1       1       0       i 

10        2        10 

2  11 

or  from  the  two  equations  k  =  I  and  A  =  2/.  The  face  m  has,  therefore,  the  symbol  2lSl, 
since  further  »  =  —  (A  -f  k). 

161.  Formulas. — The  following  formulas  are  sometimes  useful: 

(1)  The  distnnces  (see  Fig  209)  of  the  pole  of  any  face  (?ikll)  from  the  poles  of  the  faces 
(lOlO).  (0110).  (ilOO),  and  (CSoi)  are  given  by  the  following  equations: 

cos  PA  =  cos  (hkil)  (lOiO)  =  <^(A;  +  2^) 

cos  PB  =  cos  (hkil)  (Olio)  =  ^  ^^*  "^  ^'^ 


cos  PM  =  cos  (hkil)  (1100)  =  -p 


ySf*  -f  4^«(A«  -f  *«  -f  AJfe) 
Hk  -  k) 


4/8^  -f  4^{h*  -f  A«  +  AA) 


OM  PO  «  006  (hkU)  (0001)  s 
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VS^  +  4*»(A»  +  ifc«  +  A*)  * 


(9)  Tbo  distanoe  (PQ)  between  the  poles  of  any  two  faces  P  (AibU)  and  Q(pgf<)  Is  given 
b jr  the  equation 

V[W«  +  4i\h^  +  *•  +  M)l[8^  +  46'(p^  +  f  +  pq)y 

(Z)  For  special  casea  the  abore  formula  becomes  simplilied;  it  serves  to  give  the  value 
sf  tne  normal  angles  for  the  several  forms  in  the  system.    They  are  as  follows: 

(a)  Hexagmua  Ftramid  (himi  Fig.  199: 

cOBX(tennlnal)--p^^jgr;     «»Z  (basal)  « -gp^pjjpp. 

fffi  JHoffotua  p9r0mtd\hh'2h'i).  Fig.  900 : 

008  y  (terminal)  «  jp-^-j^ ;     oca  Z  (basal)  b  ^--|-^gi|j^ 

X(MeFlir  3oii«^  +  ^^'  +  ^-t-^> 
&(^ng.»ll)«  8(«  +  4i«(A« +  *•  +  /!*)• 

on  T (see  ng.  aoi) »  3^1  ^  4ii(A«  +  jb»  +  A*)- 

O0i2(Da«i|  =■  ««  +  4*»(A«  +  **  +  iU;)* 

10  DOmvwmI  PHim  (AAiO),  Fig.  197: 

14  JZlMMidrvii  (10ll> 

00s  X  (terminal)     ■■  grqriAsy 


(/)  mnlmiUitnn  (^mi^i 


oosX(aeeF|g.948)-  8?T4i*(At  +  jfct  +  A*)- 


ooaT 


iseeng.aH»js  8^  +  46\h*  -f-  *•  +  A*)* 


-,  ^, ^^  9^(ft»  4-  AM-4A*)-8^ 


bras 

■re  given 

Id 

Uw 

«(iiao.  *2) 

al- 

V 

ls 

01 

16 

6 

18 

64 

10 

m 

6 

85J 

8 

MJ 
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163.  AnglN.— The  anglet  for  some   commonly  i>ccurriDg  prlai 
followiue  tuLle: 

tn  (1010.  1) 

8i8o  *4  s'  sr 

4l60  H  10  SSi 

8140  H  13  54 

6270  i-i  16      6 

2180  f-1  19     61 

8260  f-f  28  34f 

0460  M{  S«  19) 

163.  TU  UaDboh*di&l  SyiUm  of  Killer.— Tbe  followlag  projection  (Fig.  27S)  fa  added 

In  order  to  tliow   tbe   relulluu   of   l-.o   forma  in   tbe  bemgonal   arBlem   aa  referred  bj 

213  Miller  to  tliree  trqual  oblique  axea  paralld 

lo  the  faces  of  the  fuudameulal  rbombo- 

sa  Ledrou.    The  forma  are  as  follows  : 

The  facea  having  tbe  iudices  100,  OlO; 
001  are  those  of  lue  (plus)  fundamental 
rhombofaedroD,  while  ibe  face  111  la  the 
base.  The  facea  22l,  122.  212  are  tlioae 
of  the  iniouB  fiiudamental  rhombobedroii; 
with  100,  010,  001  [hey  form  tbe  unit 
bexngona]  pynimld. 

Tne  faces  of  Ibe  hexagonal  uult  prfam, 
ffl  (lOiO),  have  tbe  ajmbola  211,  112.  131, 
3ll,  1:2.  lai.  Those  of  tlie  aecoud.  nr 
diagoufll,  hexagooal  prism,  a  (1130),  have 
the  gymbola  lOl,  Oil,  ilO,  lOI.  Oil, 
110. 

The  tliUcxngonal  pyrnmid  embraces, 
like  lUe  simple  heingonal  pyramid,  two 
forms  (hkl)  and  (tfg):  of  these  ilie  tjmbol 
(Ajti)  hence  beIi)D){s  to  the  plus  scalenobe- 
droii,  ant!  (ffg)  lo  ihc  mliina.  In  ibis  as  tn 
other  cases  it  ia  Inie  tbiit  e=U  +  2k  —  t, 
f=2h-k  +  2l.g=  -h  +  Zk  +  H.  For 
:ai  example,  the  facea  210,  301,  031,  120,  !03, 

0l3  (Fig.  278)  belong  in  the  Rhombofaedral  Division  of  iliis  syeteni  to  the  scftlenobedron 
(2lSl).  Tbe  complementary  minus  aculenohedron  would  have  the  faces  62J,  etc.  Tbe 
twenty-four  faces  of  these  two  forms  tAken  together  would  embrace  all  the  faces  of  the 
dlbexagonal  pyrnmid  of  the  Hexagonal  Divialoa  (2l9l).  Cf.  Pig.  200.  p.  70,  and  Fig. 
963.  p.  78,  with  Fig.  273  giVKO  here. 

Bimilarjy  {he  dlbexagonal  prism  Includes  the  aix  faces  of  the  form  (AM),  Bod  the 
remaining  six  of  the  form  (</'0). 

It  Is  seen  at  once  that  the  indices  fivea  above  are  those  of  the  Isometric  svMem,  where 
tbe  cube  corresponds  toarhomtrahedron  of  90°;  the  projection  of  Fig.  110,  p.  41,  la  brought 
into  relation  with  the  above  it  an  octahedral  axis  is  placed  vertical. 

Tlie  inconvenience  of  having  the  faces  of  the  same  form  (a.^.,  the  dlbexagonal  priam  nr 
pyrnmid  of  beryl)  reprcacn led  by  two  sets  of  indices  Is  obvious,  and  tbls  method,  iatn>duced 
by  Milier,  Is  now  seldom  employed.  This  objection,  however,  disappears  if  the  axes  iind 
indices  described  are  used  for  rhomhohedral  forms  only,  ttiat  is,  for  forms  behiDglDg  lo  the 
groups  which  nre  eliaracCerlzed  by  a  vertical  axis  of  trti^oiiHl  symmetry.  Tills  is  the 
method  adopted  by  timlb  (1695).  It  Is  believed  by  the  author,  however,  that  the  mutual 
relalioiis  of  all  the  groups  of  boUi  divisions  of  tbe  bexagoont  system  among  themtelvi-s  (aa 
also  to  the  groups  of  the  tetragonal  system),  both  morphological  and  physical,  are  Oest 
brought  out  oy  keeping  throughout  Ibe  same  axea,  namely,  those  of  Fig.  198.  Art  lis. 
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IV.  ORTHORHOMBIC  SYSTEM. 

164.  The  ORTHORHOMBIC  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes  at  right  angles  to  each  other. 

Of  these  axes  the  shorter  lateral  axis,  or  brachy-axis,*  is  represented  by  the 
letter  a,  the  longer  lateral  axis,  or  macro-axis,  by  h,  and  the  vertical  axis  by  6 
(cf.  Fig.  275).  In  the  statement  of  the  axial  ratio  h  is  uniformly  taken  as  the 
unit. 

1.  NOBMAL  GEOUP  (25).    BAEITE  TYPE. 

165.  Symmetry.— The  forms  of  the  normal  group  of  the  orthorhombio 
system  are  characterized  by  three  unlike  planes  274. 

of  symmetry,  at  right  angles  to  each  other,  and 
furtner,  coincident  with  their  intersection-lines, 
there  are  three  axes  of  binary  symmetry,  which 
directions  are  also  those  of  the  crystallographic 
axes.  These  axes  are  consequently  fixed  in 
position  by  the  symmetry,  but  any  one  of  them 
may  be  made  the  vertical  axis. 

The  symmetry  of  the  group  is  exhibited  in 
the  accompanying  spherical  projection,  Fig.  274. 
This  should  be  compared  with  Fig.  69  (p.  33) 
and  Fig.  148  (p.  53),  representing  the  symmetry 
of  the  normal  groups  of  the  isometric  and  tetrag- 
onal systems  respectively.  It  will  be  seen  that 
while  normal  isometric  crystals  are  developed  alike  in  the  three  axial  direc- 
tions, those  of  the  tetragonal  type  have  a  liKe  development  only  in  the  direc 
tion  of  the  two  lateral  axes,  and  those  of  the  orthorhombic  type  are  unlike  in 
the  three  axial  directions.  Compare  also  Figs.  70  (p.  34),  149  (p.  54),  and  27^ 
(p.  90). 

166.  rorms. — The  various  forms  possible  in  this  group  are  as  follows : 

Nail  maun. 
00  P  op  or  ul,  a 


Miller. 

1.  Macropinacoid  or  )        n(\(\\ 

a-pinacoid  f  ...^w; 

2.  Brachypinacoid  or  )      ^q^qv 

6-pinacoid  ) 

3.  Base  or  ^^pinacoid (001) 

C  Unit  prism (110) 

4.  <  Macroprisms . . •  (hkO)  h>k 

i  Brachy prisms.. (Ai(K))  h<k 

5.  Macrodomes (hOl) 

6.  Brachy domes (0^^ 

f  Unit  pyramids (hhl) 

7    J  (^^^) 

I  Macropyramids(AitZ)  A>A? 

.  Brachypyramid8(Ait2)A<it 


&  :  Qoh  :  00^ 
oodf  :2  :  oo^ 

d  :l  :cod 
d  :nh  :  cob 

nd  :h  :co6 

d  :ooh  :md 

cod  :h  :md 

d  :h:  md 
d:l:k 
d  :ni  :  md 

ndihimd 


QoP^or  i'l,  b 

OP  or  0,  c 

00  P  or  y,  7n 
00  Ph  or  i-11,  as  (210)  t-S 

00  Pn  or  t-w,  as  (120)  t-S 

mPob  or  fw-/,  as  (201)  2  I 

mPob  or  m-lf,  as  (021)  2- J 

mP  or  m,  as  (221)  2 
Por  1 
mPh  or  w/-//,a8(2ll)2-2 

mPn  or  wi-«,as(12l)2-2 


*  The  preflzet  brachf-  aod  macro-  used  in  this  system  (and  also  in  the  triclinic  system) 
are  from  the  Greek  words  flpax^^,  thort,  aod  /nctKfjoi,  long. 
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Id  general,  as  defiued  on  p.  26,  a  pinaeaid  is  a  form  wbose  faces  are  parallel  to  two  of 
the  axes,  tbut  is,  to  an  axial  plane ;  a  prism  is  one  whose  faces  are  parallel  to  the  yerti<^ 
axis,  but  intersect  the  two  lateral  axes ;  a  dame*  is  one  whose  faces  are  parallel  to  one 
of  the  lalenil  axes,  but  intersect  in  the  vertical  axis.  A  dome  is  sometimes  called  a  horitorUal 
prism:  a  pyramid  is  a  form  wbose  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monoclinic  and  triclinic  systems ;  in  the  last  each  form  consist  of  two  planes  only. 

167.  Pinaeoids. — The  macropinacoid  includes  two  faces,  each  of  which  is 
parallel  both  to  the  macro-axis  I  and  to  the  vertical  axis  6;  their  symbols  are 

>  respectively  100  and  lOO.     This  form  is  uniformly  designated  by  the  letter  a, 

'  and  is  conveniently  and  briefly  called  the  a-pinacoid. 

The  brachypinacoid  includes  two  faces^  each  of  which  is  parallel  both  to 
the  brachy-axis  d  and  to  the  vertical  axis  i  ;  the^  have  the  symbols  010  and 
OlO.     This  form  is  designated  by  the  letter  h\  it  is  called  the  b-pinacoid. 

The  base  or  basal  pinavoid  includes  the  two  faces  parallel  to  the  plane  of 
the  lateral  axes,  and  having  the  symbols  001  and  OOl.  This  form  is  designated 
by  the  letter  c ;  it  is  called  the  c-ptnacoid. 

Each  one  of  these  three  pinaeoids  is  an  open-format  but  together  they 
make  the  so-called  diametral  prism,  shown  in  Fig.  275^  a  solid  wtiich  is  the 
analogue  of  the  cube  of  the  isometric  system.  Oeometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
the  three  axial  directions ;  practically  this  may  be  shown  by  the  unlike 
physical  character  of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc.; 
or,  again,  by  the  cleavage.  Further,  it  is  proved  at  once  by  optical  properties. 
This  diametral  prism,  as  just  stated,  has  three  pairs  of  unliKe  faces.  It  has 
three  kinds  of  edges,  four  in  each  set,  parallel  respectively  to  the  axes  d,  S,- 
and  d  ;  it  has,  further,  eight  similar  solid  angles.  In  Fig.  275  the  dimensions 
are  arbitrarily  made  to  correspond  to  the  relative  lengths  of  the  axes,  but  the 
student  will  understand  that  a  crystal  of  this  shape  gives  no  suggestions  as  to 
these  values. 


276 


276. 


168.  Prisms.— The  prisms  proper  include  those  forms  whose  faces  are 
parallel  to  the  vertical  axis,  while  they  intersect  both  the  lateral  axes;  their 
general  symbol  is,  therefore,  (hkO).  These  all  belong  to  one  type  of  rhombic 
prism,  \\\  which  the  interfacial  angles  corresponding  to  the  two  unlike  vertical 
edges  have  different  values. 

The  unit  prism,  (110),  is  that  form  whose  faces  intersect  the  lateral  axes  in 
lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  of  dih  for  the 
given  species;  in  other  words,  the  angle  of  this  unit  prism  fixes  the  unit 
lengths  of  the  lateral  axes.     This  form  is  shown  in  combination  with  the  basal 


*  From  the  Latin  damus,  because  resembling  the  roof  of  a  house ;  cf.  Fics.  879l  860. 
t  See  p.  25.  -«-       • 
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pioacoid  ID  Fig.  276;  it  is  oDiformly  designated  bj  the  letter  m.    The  four 
lacee  of  the  nnit  ^riem  have  the  aymbols  110,  IlO,  lIO,  llo. 

The  macropnams  lie  between  the  niacropiuauoid,  a  (100),  aud  the  aoit 
prism  m  (110),  aod  consequently  for  them  the  ratio  of  h  to  Ic  is  greater  than 
1:1;  in  other  words,  the  ratio  of  the  intercepts  on  the  axes  i  and  d  is  greater 
than  that  for  the  unit  prism.  Common  forms  have  the  symbols  (41u),  (^10), 
(210),  (320),  (430),  etc,  given  in  order  from  100  toward  110;  of.  the  spherical 
projection  of  Fig.  303.  The  face  I  of  Fig.  277  is  the  macropriam  (210);  for 
this  form  the  axial  intercepts  (see  the  b^I  projection.  Fig.  278)  are  in  tbe 
ratio  of  ^i :  ih,  or  Id :  2h;  s  similar  relation  holds  for  the  other  forms  (410),  etc 


The  hraehgprumi  lie  between  the  nnit  prism  and  the  brachjpinacoid 
h  (010),  and  conseqnently  for  them  tbe  ratio  of  the  first  two  indices  is  less 
thftn  1:1,  or  the  ratio  of  the  intercepts  on  h,  &  is  less  than  that  of  the  nnit 
priam.  Common  forma  are  (340),  (230),  (120),  (130),  given  in  order  from  110 
toward  010.  For  the  form  n  (120),  shown  in  Figs.  277,  278,  the  axial  inter- 
cepts are  in  the  ratio  of  \ii'.\h,  or  Zi-.l.  Other  examples  of  these  prisms  are 
given  later  [see  Figs.  2fi&-299). 

Id  Manmaon's  sjmbols  the  number  n,  tlie  mulliple  of  the  lateral  ails,  Is  always  nuiile 
greuer  Ihu  ddIw,  Hence  while  the  macruprliiii,  I.  of  Pig.  277  has  tlie  TiiU  Bymbol 
2:»:aD4orbrfeflTCDP9(or^S).  the  brBch/prUni  la  wrilleo  2>)  :  A  :  oi^.  or  <cPS  ("r  v^), 
fautead  of  the  eqiilTalent  form  ti :  jS :  oo  j.  In  olhcr  words,  villi  llie  macniprii'ms  (and 
macroprramlda)  the  value  of  the  brachyailtU  made  equal  to  unity,  while  with  lliebrachy- 
pilims  (and  brachypyramldi)  the  macro-axli  Is  token  aa  tbe  unit. 

169.  KaerodomM,  Bziehjrdomei.— Tbe  macrodomea  are  forms  whose  faces 
are  parallel  to  the  mscro-axia,  S,  while  they  intersect  the  vertical  axis  i:  and 
the  lateral  aiia  d;  hence  the  genaral  symbol  is  {Ml).  Tbe  angle  of  the  unit 
macrodome,  (101),  fixes  the  ratio  of  the  axes  d-.i.  This  form  is  shown  in 
Fig.  279  combined  (since  it  is  an  open  form)  with  the  brachypinacoid. 

In  tbe  macrodome  zone  between  tbe  base  c  (001)  and  the  macropinacoid 
a  (100)  there  may  be  a  large  number  of  macrodomes  having  the  evmbola, 
taken  in  the  order  named,  (103),  (102),  (203),  (101),  (302),  (201),  (301),  etc. 
Cf.  Figs.  298  and  302  described  later. 

The  hracbydoiMt  are  forms  whose  faces  are  parallel  to  the  brachy-axts,  S, 
while  they  intersect  tbe  other  axes  6  and  2;  their  general  symbol  is  {Ohl). 
The  angle  of  the  nnit  bracbydome,  (Oil),  which  is  shown  with  a  (100)  in 
Fig.  380,  determine!  the  ratio  of  the  axes  h:i. 

The  bracbydome  lone  between  c(OOl)  and  &(010)  includes  the  forms 
(013),  (012),  (0S3),  (Oil),  (032),  (021),  (031),  etc.     Cf.  Figs.  298  and  302. 
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Both  sets  of  domes  are  often  spoken  of  as  horizontal  prisms.  The 
propriety  of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in 
geometrical  form;  further,  the  choice  of  position  for  the  axes  which  makes 
them  domes,  instead  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary, 
as  already  explained  elsewhere. 


279. 


280. 


281. 


170,  Pyramids.— The  pyramids  in  this  system  all  belong  to  one  type,  the 
double  rhotnbic pyramid,  bounded  by  eight  faces,  each  a  scalene  triangle.  This 
form  has  three  kinds  of  edges,  X,  Y,  Z  (Fig,  281;  cf.  also  Fig.  290),  each  set 
with  a  different  interfacial  angle;  two  of  these  angles  suflSce  to  determine  the* 
axial  ratio.     The  symbol  for  this,  the  general  form  for  the  system,  is  (Iikl). 

The  pyramids  fall  into  three  groups  corresponding  respectively  to  the 
three  prisms  just  described,  namely,  unit  pyramids,  macropyramids,  and 
bracbypyramids. 

The  unit  pyramids  are  characterized  by  the  fact  that  their  intercepts  on 
ihe  lateral  axes  have  the  same  ratio  as  those  of  the  unit  prism;  that  is,  the 
assumed  axial  ratio  (a\h)  for  the  given  species.  For  them,  therefore,  the  gen- 
eral symbol  becomes  (JM). 

For  different  unit  pyramids  on  crystals  of  the  same  species  the  vertical 
axes  may  have  different  lengths  bearing  usually  some  simple  numerical  ratio 
to  each  other  (and  always  commensurate),  and  these  form  a  zone  of  faces  lying 
between  the  base  c  (001)  and  the  unit  prism  m  (110).  This  zone,  for  example 
Bs  shown  in  the  basal  projection  of  a  sulphur  crystal  given  in  Fig.  302, 
includes  the  forms  i^' (119),  g?  (117),  /  (115),  o  (114),  «  (113),  y  (112),  jj;  (111). 
Cf.  also  Fig.  66,  p.  30,  of  the  same  species,  and  the  spherical  projection. 
Fig.  303.  In  the  symbol  of  all  of  the  forms  of  this  zone  h  =  i,  and  the 
lengths  of  the  vertical  axes  are  hence,  in  the  example  given,  ^,  |,  -J,  J,  ^,  \  of 
the  vertical  axis  6  of  the  pyramid  p  (Fig.  290),  which  in  this  species  is  taken 
as  the  unit  pyramid.     The  axial  ratio  for  sulphur  is  given  on  p.  22. 

Tlie  macropyrnmids  and  hrachypyramids  are  related  to  each  other  and  to 
the  UTiit  pyramids,  as  were  the  macroprisms  and  brachyprisms  to  themselves 
and  to  the  unit  prism.  Further,  each  vertical  zone  of  macropyramids  (or 
hrachypyramids),  having  a  common  ratio  for  the  lateral  axes  (or  of  h\k  in 
the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  characterized 
by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212),  (421),  etc., 
ail  belong  in  a  common  vertical  zone  between  the  base  (001)  and  the  prism 
<210).  Similarly  the  hrachypyramids  (123),  (122),  (121),  (241),  etc.,  fall  in  a 
common  vertical  zone  between  (001)  and  (120).  Cf.  Fig.  299,  where  u  and  o 
are  the  hrachypyramids  (134),  (131),  falling  in  the  same  vertical  zone  as  the 
brachyprism  c?(130).  See  also  the  basal  projection.  Fig.  302,  and  the 
spherical  projection.  Fig.  303,  both  of  sulphur,  noting  the  relation  of  the 
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macropyramid  (315)  to  the  macroprism  (310)  and  the  brachypyramids  (135), 
(133),  (131)  to  the  brachvprism  (130). 

171.  ninstrations. — The  following  figures  of  barite  (282-289)  dve  excellent 
illustrations  of  crystals  of  a  typical  orthorhombic  species,  and  show  also  how 
the  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio  for  this 
species  is  given  on  p.  96.  Ilere  d  is  the  macrodome  (102)  and  o  the  unit 
brachydome  (Oil);  tn  is,  as  always,  the  unit  prism  (110).    Figs.  282-285  and 


282. 


283. 


284. 


286. 


M 


m 


(f 


^ 


286 


288. 


287. 


289. 


Barite  Crystals. 

287  are  described  as  tabular  |  c;  Fig.  286  is  prismatic  in  habit  in  the  direction 
of  the  macro-axis  (J),  and  288,  289  prismatic  in  that  of  the  brachy-axis  {d). 
Figs.  290-294  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
habit  with  the  unit  domes  «(101),  w(Oll),  and  the  unit  pyramids  ;»  (111), 
«(113).  Note  that «  and  n  truncate  respectively  the  terminal  edges  of  the 
fundamental  pyramid  p.  In  general  it  should  be  remembered  that  a  macro- 
dome  truncating  the  ecige  of  a  pyramid  must  have  the  same  ratio  of  h :  /;  thus, 
(201)  truncates  the  edge  of  (221),  etc.  Similarly  of  the  brachydomes:  (021) 
truncates  the  edge  of  (221),  etc.     Cf.  Figs.  302  and  303. 


290 


291. 


292. 


293. 


294. 


Sulphur  Crystals. 

Again,  Fig.  295,  of  staurolite,  shows  the  pinacoids  b  (010),  c  (001),  the  unit 
prism  tn  (110),  and  the  unit  macrodome  r  (101). 

Figs.  296-298  are  prismatic  crystals  of  topaz.  Here  vi  is  the  unit  prism 
(110);  /  and  n  are  the  brachyprisms  (120),  (140);  rif  and  p  are  the  macroclomes 
(201)  and  (401);  /and  y  are  the  brachydomes  (021)  and  (041);  t,  u,  and  o  are 
the  unit  pyramids  (223),  (111),  (221). 
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tn  Fi^.  299,  of  ioMte,  s  and  r  are  the  unit  pyramids  (113),  (111);  d'w  the 
brachypriBin  (130),  and  u,  o  are  the  corresponding  bracbypjraniids  (134), 
(131).  ¥\g,  300,  of  brookite,  simnlatea  a  tetragonal  crystal  since  the  prismatic 
angle  is  not  very  far  from  90°;  here  z  =  (112).  In  Fig.  301  of  the  same 
species,  e  is  the  bracbypyramid  (IS*!);  this  crystal  closely  resemblee  an 
hexagonal  pyramid  with  ita  axis  placed  horizontal  since  the  angles  me  (110  a 
122)  and  ee'  (122  A  l22)  are  approximately  equal. 


asft. 
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172.  FrojeotioBfl.—  Basal  and  spherical  projections  of  a  typical  ortho- 
rhombic  species  nave  already  been  given  in  Figs. 
63  and  65  on  pp.  37,  28.  The  subject  is  so  im- 
portant, however,  that  others  are  given  here 
(Figs.  302,  303)  for  the  species  snlphnr,  cf. 
Figs.  290-394,  also  Fig.  66,  p.  30.  In  Fig.  303 
besides  the  pinacoids  o  {100),*  (010),  c(OOl),  the 
positions  of  the  prisms*  (310),  wi (110),  (130)  are 
shown;  the  macrodomes  u  (103),  0(101)  and  the 
bracbydomes  v  (013),  n  (Oil);  the  remarkable  sone 
of  unit  pyramids  0  (119),  (»(117),  i  (115),  o  (U4), 
«  (113),  y  (112), /)  (111);  finally  the  macropyrnmid 
/9  (315)  and  the  brae hv pyramid 8  z  (135)  aud  x  (133). 
Both   projections  exhibit    clearly    the    symmetry 
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characteriBtic  of  the  group;  the  prominent  aones,  alread;  spoken  of,  should 
also  be  noted, 
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2.  HEMIMORPHIC  GROTTP  (56).     CALAMINE  TYPE. 


..304. 


173.  Symmetry  and  Typloal  Forma. — The  forms  of  the  oHkor/io«ibic-hemi- 
morphie  ^ronp  are  characterized  by  two  nnlike  planes  of  sjininetiy  and  one 
axis  of  hinary  syinmetry,  the  line  in  which  tliey 
intersect;  there  is  no  center  of  symmetry.  The 
forms  are  therefore  hemimorphic,  as  defined  in 
Art.  29.  For  example,  if,  as  ia  nenally  the  case, 
the  vertical  axis  is  made  the  axis  nf  symmetry,  the 
two  planes  of  symmetry  are  narallel  to  the  pina- 
coids  (7  (100)  and  ft  (010).  The  prismB  are  then 
geometrically  like  those  of  the  normal  group,  as  * 
are  also  the  manropinacoid  and  brachypinacoi<l ; 
Init  the  two  basal  planes  become  two  independent 
forms,  fOOl)  and  (OOl).  There  are  also  two  macro- 
(imiies,  (101)  and  (lOl),  or  in  general  (Ao/)  and 
(AOO;  nnd  similarly  two  seta,  for  a  given  eymboh 
of  bmchvdomea  and  pyramids. 

The  jg^neral  symmetry  of  the  (^oiip  in  ghown  in  the  spherical  projection  ot 
Fig.  304.     Fnrthar,  Figs.  305,  306,  of  calamine,  and  307,  of  stmrite,  represent 
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typical  crystalB  of  this  graap.    In  Figs.  305, 306  the  formB  present  are  /  (301), 
a  (101).  i  (031),  e  (Oil),  »  (lal);  in  Fig.  307  they  are  a  (101),  «,  (lO!),  q  (Oil). 


S.  SPHENOIDAL  GROUP  (27).    EPSOMITE  TYPE.- 


—The  farms  of  the  remaining  group  of 
308.  30». 


EpMinite, 


174.  Symmetry  and  Typical  Fomu. 

the8yBteni,theoi7ftorAoffliioap/ie»w>v- 

dal  group,  are  characterize*!  by  three 

nuliKe  rectangular  axes  of   binary 

ayiametry,  bnt  they  have  no  plane 

and  no  center  of  symmetry  (Fig.308). 

The  general  form  hkl  here  has  four 

faces  only,  and   the  corresponding 

solid  is  a  rhombic  sphenoid,  analo.  ^ 

goustothe  aphenoidof  the  tetragonal 

«ystem.     The   complementary  plus 

and  minus  sphenoids  are  enantio- 

morphous.     Fig.  309   represents  a 

typical  crystal,  of  epaomite,  with  the 

plus  sphenoid,  z  (11 1).  Other  crystals 

of  this  species  often  show  both  pins  and  minns  complementary  forma,  bnt 

usably  unequally  developed. 

Mathematical  Relations  of  tbb  Obthobhombic  Stbtbic 

1TB.  OholM  ot  AzM.— As  explained  1q  Art.  165.  tlie  three  crystnllographlc  anes  &re  fixed 
as  regni'ds  d[reclioL  <n  all  ovlhorbomblc  crystaU,  but  any  one  of  tbem  may  be  made  the 
vertU'al  axis,  i;  and  of  the  two  tateml  axes,  whicb  la  the  longer  (£}  and  which  the  shorter 
<(i)  caunot  be  detenitincd  until  It  la  decided  which  faces  to  assume  as  the  fuDdamenial,  or 
unit,  pyramid,  pilsiii,  or  domes. 

The  choke  is  generally  bo  made.  In  a  ^Iven  ease,  as  to  best  bring  out  [he  relation  of  the 
cryainlsof  Ihe  specicB  In  band  to  others  allied  to  them  Inform  or  fn  chemical  com  podtlOD,  or 
in  bolli  respects;  or,  so  as  1o  make  the  clenvage  parallel  to  the  fuDdamental  form;  or,  as 
suggested  by  Ihe  common  habit  nf  the  crystals,  or  other  conaldeTatlons. 

176.  Axial  and  Angular  Elam«nta.~The  axia!  eUmenU  are  given  by  the  ratio  of  the 
leiigllis  of  the  three  axes  in  terms  ot  the  macro-axis,  S,  as  unity.  For  example,  with  berite 
the  nxlal  ratio  is 

<l:S:i  =  0  81520;I:131859. 

The  angidar  elemrnU  are  usually  taken  as  the  angles  between  the  three  pioacolda  and 
the  uolt  faces  in  the  three  irauea  between  them.    Thus,  again  for  barite.  tlieae  element*  an 
100  A  110  =  89*  ir  18",    001  A  101  =  58'  10"  86",    001  A  Oil  =ia'4K9'. 
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Two  of  thne  angles  obviously  deCermitis  tho  third  aii£le  ae  well  as  tbe  axial  rntlo.  Tlie 
degre*:  of  accuracy  to  be  attempled  lu  tlie  staieraent  of  iLe  axial  ratio  det>eDds  upon  tlio 
cbaracter  of  tlie  fuudamenlal  nieaBureineiits  from  wliicli  tliis  niliu  lias  b«eQ  deduced.  TLere 
is  no  good  reason  for  giviug  the  values  of  <l  aud  i  lo  inauy  decimal  places  If  the  probable 
error  of  the  meaiuremenU  aniounla  to  many  mlLUles.  In  the  above  case  llie  measiirenieuts 
(by  Hel[nbacker)nreiRip|)08ed  to  be' accurate  wilhiii  a  few  aecouds.  It  is  cooveuieiit,  bow- 
ever,  lo  havu  the  aogular  elemeuis  correct,  say,  withiu  10'.  an  tliat  tLe  calculated  angles 
oblaiued  from  Iheia  will  not  vary  from  those  derived  direct  from  the  uieNSurcd  nnglea  by 
more  ihw  30"  to  r. 

177.  Oalotilatloii  o(  tbe  Asss. — Tbe  followiog  simple  relations  (cf.  Art.  46)  couuect  tbe 
axes  with  ibo  angular  elements : 

tan  (lOO  A  110)  =  d.    tao  (001  A  Oil)  =  i,    tan  (001  A  101}  =  7. 

These  equations  aerve  to  give  either  the  itxes  from  the  angular  elemeuis.  or  Ihe  angular 
elements  from  the  axes.  It  will  be  noied  that  the  axes  are  uot  needed  fur  simple  purposes 
of  calculation,  but  il  is  still  impiirtant  to  have  them,  fur  exiiuipU  to  am  iu  conipnriug  Iba 
morphological  relntinns  of  allied  species. 

lo  practice  it  Is  easy  to  pass  from  the  measured  ansles,  assumedns  the  basis  of  calculation' 
(or  deduced  from  tbe  ohserviitions  by  tbe  method  of  least  squares),  lo  tbe  anguliir  elemenU, 
or  from  either  to  noy  other  angles  bv  the  application  of  the  tangent  principle  (Art.  47)  to 
the  pinacoidal  zones,  and  by  Ibe  sotutlou  of  the  right-angled  Gphcricul  triangles  given  on 
tbe  sphere  of  projection. 

Thus  any  face  htl  (sec  p.  28)  lies  In  the  three  pinacoldal  zones,  100  and  Okl.  010  and  MM. 
001  and  hIcO.  Fur  example,  tbe  position  of  the  face,  SSI.  is  fixed  if  the  positions  of  two  of 
the  poles,  801,  021,  880,  are  known.    These  last  are  given,  respectively,  by  the  equations 

^  tan  (001  A  801)  =  8  X  tan  (001  a  101).     tan  (001  a  031)  =  3  X  tan  (001  a  Oil), 

tan  (100  A  820)  =  I  X  tan  (100  a  110). 

°        17s.  Exampla— Fig  810  represents  ncrvstnlnf  slihnlte  from  Japan,  with  the  faces  ;)[111), 
I    r  (848),  If  (SS8),  etc:    On  this  tbe  following  measured  angles  were  taken  as  fundumeoial : 

310.  rt>f    (358  A  S53)  =  55-    1' 0". 

tpj-  (863  a  353)  =  90'W  0". 

Hence,  the  angles  858  a  010  =  40'  lOJ'  and  353  a  053  =  37°  30i'  nre  known 
without  calculation.  The  ligbt-nnirled  splierlCMl  triangle*  010 '053 '^13  yields 
tbe  angle  (010  a  053)  aud  hence  (CiOl  A  0531;  also  tbe  angle  at  010,  wbieh  is 
equal  to  (001  a  101).      But  tan    (001  a  Oil)  =  |  x  tau  (001  a  053).    aud 

tan  (001  A  Oil)  =  I.     Also  since  tan  (001  A  101)  =  r.  the  axial  ratio  U  tbua 
b     known,  and  two  of  tbe  aninilnr  elements. 
,     "  ""  The  tliirdangulBrelemcut(001  A  110)ran  be  calculated  Independently,  for 

the  angle  at  001   In  the  triangle  001053  853  Is  equiil   to  (010  a  o50)  aud 
UD(0[OA8SO)Xf  =  I010a  110).  tbe  compleiuent  of  (100  A  110). 

Then  since  Ian  (100  ^  110)  =  &.   Iliis  can  be  used  lo  check   tbe  viilue  of  A 
alretidy  obtalnoil.     Tlie  further  use  of  the  taDgenl  princlpli!  wiih  the  occnsional 
solution  of  a  right-angled   triangle  will  servo  to  give  any  desired  angle  from  either  tbe 
fuodnineDlal  angles  direct,  or  from  tbe  an^^ular  elements. 

Again,  the  symliol  of  any  uiikimwu  face  ran  lie  rcndtly  calculated  If  two  measured 
angles  of  tidemlile  accuracy  are  at  hand.  For  example,  fur  Ihe  face  a,  suppose  the 
measured  angles  to  be 

in.  (010  A  hkl)  =  80*  15',     «o»'  (hkl  A  S^O  =  51*  32'. 
The  sohitlos  of  tbe  triangle  ft-ai-au  gives  tbe  angle  (010  a  OK)  =  16*  S6'  20",  and 
tan  (001  A  0*^      tan  73°  34!-      ..„„   ,         k 


*  Tbe  aludeat  In  this  u  In  every  similar  ca.< 
neccMnrily  accnrktelj  coutmcted)  to  show,  If  o 
the  faces  preMuL 
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But  the  ratio  of  k:l  must  be  ratioual  and  the  number  derlTed  agrees  moat  closely  with 
10:8. 

Again,  the  angle  (001  A  hOl)  may  now  be  calculated  from  the  same  triangle  and  the 
yalue  59'  88|'  obtained.    From  tbiti  the  ratio  of  A  to  <  is  derived  since 


tan  (001  A  hOl)  _  tan  59°  88^  _  . .««  _  * 
tan  (001  A  101)  ~  tan  46*  48J'  ~  ^'^^  ""  l' 


This  ratio  is  nearly  equal  to  5 :  8,  nnd  the  two  values  thus  obtained  ffive  the  symbol  5*  10*8. 
If,  however,  from  the  triangle  OOIOA:^  go,  the  angle  at  001  is  calculated,  the  value  26*  42f' 
is  obtained,  which  is  also  the  angle  (010  a  ^AO).     From  this  the  ratio  A :  ifc  is  deduced,  since 

tan(010AllO)_tan45M2y  __  _  * 

tan  (010  A  AAO)"  tan  26"  42f' ""  *  ^^  "■  A* 

The  value  of  ?  is  hence  closely  equal  to  2;   this  combined  with  thai  first  obtained 


ves  the  same  symbol  5*10*8. 


This  symbol  being  more  than  usually  complex  calls  for  fairly  accurate  measurements. 
How  accurate  the  symbol  obtained  is  can  best  be  judged  by  comparing  the  measured  angles 
with  those  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated  angies 
for  09  (5  10-3)  are  boo  (010  A  510*8)  =  80**  16 ,  aooo'  (510-8  A  6lO-8)  =  51*  85'.  The  correct. 
ness  of  the  value  deduced  is  further  established  if  it  is  found  that  the  given  face  falls  hito 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  29,  80,  play  an 
important  part  in  all  calculations.  For  example,  in  Fig.  810,  if  the  symbol  of  r  were  un« 
known,  it  could  be  obtained  from  a  single  angle  (as  6r),  since  for  this  zone  A  =  i. 

179.  Formulas. — Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness. 

(1)  For  the  distance  between  the  pole  of  any  face  P  (hkl)  and  the  pioaooids  a»  6,  ^  wa 
have  in  general : 

co8'P«=cobM*«A100)=  ,^  +  Zt+l*a*' 

COS'  P6  =  coe»  (AAt  AOlO)  =  y,.  ^  y^.^  ^  p^.; 

Pa* 
coe«  P«  =  cos'  (A«  A  001)  =  y,.^;fc.aV  +  Pa«- 

Here  a  and  c  in  the  formulas  are  the  two  axes  &  and  h. 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  (hkf)  and  (pff^l 

hpc^  +  kqa'^c*  -f  Ira^ 


V.  MONOCLINIC  SYSTEM. 

180.  The  MoNOCLiNic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes,  having  one  of  their  axial  inclinations  oblique. 

The  axes  are  designated  as  follows:  the  inclined  or  clinodiagonal  axis  is 

h\  the  orthodiagonal  axis  is  5,  the  vertical  axis  is  6.    The  acute  angle  between 

the  axes  a  and  6  is  represented  by  the  letter  P\  the  angles  between  d  and  {Tand 

h  and  i  are  right  angles.    See  Fig.  312.    Crystals  are  usually  drawn  with  the 
axis  6  vertical  and  the  axis  h  directed  to  the  front  and  inclined  downwird. 
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1.  NORMAL  GROUP  (28).    GYPSUM  TYPR 

181.  Symmetry. — In  the  normal  group  of  the  monoclinic  system  there  is 
a,,  one  plane  of  symmetry  and  one  axis  of  binary 

^"-  symmetry  normal  to  it.    The  plane  of  symmetry 

is  always  the  plane  of  the  axes  a  and  d,  and  the 

axis  of  symmetry  coincides  with  the  axis  b,  normal 

to  this  plane.  The  position  of  one  axis  (6)  and 
that  of  the  plane  of  the  other  two  axes  (a  and  i)  is 
thus  fixed  by  the  symmetry;  bat  the  latter  axes 
may  occupy  different  positions  in  this  plane.  Fig. 
311  shows  the  typical  spherical  projection,  pro- 
jected on  the  plane  of  symmetry.  Fig.  327  is  the 
projection  of  an  actual  crystal  of  epidote;  here,  as 
18  usual,  the  plane  of  projection  is  normal  to  the 
prismatic  zone. 

182.  Forms. — The  various  forms*  belonging  to 
this  group,  with  their  symbols,  are  given  in  the  following  table.  As  more  par- 
ticularly explained  later,  an  orthodome  includes  two  faces  only,  and  a  pyramid 
four  only. 


MUler. 


ooi  :  h  :  oo(! 


2.  Clinopinacoid  or  )  /aia\ 

ft-pinacoid         [ ^^^^^ 

3.  Base  or  (;-pinacoid (^^) 

f  Unit  prism  (110) 

^'    j  Orthoprisms {hkO)  h>k 

'  Clinoprisms {AkO)  h<k 

i  (hOl) 
i  (hOl) 

6.  Clinodomes {Okl) 

fl 

'Unit  pyramids |  W 


5.  Orthodomes 


7. 


,  Orthopyramid8.|  j**gA>* 
Clinopyramide .  \  !*t5A<* 


i(hkl) 


ooi  :cob  :d 

d  :t :  00^ 
d  :nh  :  CO 6 
nd  :h  :  cod 

d  :  CO  $  :m6 
^  :  00  ^  :  -mi 

cod  :o  :mi 

d  :i  :mi 
d  :h  :  —md 
d  :n6  :mi 
d  :nh  :  -md 
nd  :h  :md 
nd  :i  :  -md 


Kaumann. 
00  Poo  or  t-i,  a 

00  Poo  or  t-i,  b 

OP  or  0,  c 

00  P  or  /,  m 
00  Pn  or  t-«,  as  (210)  t-S 
00  Ph  or  t-n,  as  (120)  t-2 

— wPooor— w-t,as(101)  — l-t 
rwPoo  or  m-ly  as  (TOl)  l-i 

mPoD  or  tn-i,  as  (Oil)  l-i 

—  mP  or  -fw,  as  (111)  —  1 

wP,  as(lll)  1 

—mPn  or  -tn-n,  as  (21l)-2-2 

mPn  or  wj-w,  as  (211)  2-3 
—mPn  or  -m-w,  as  (121)-2-2 

mPn  or  m-n,  as  (121)  2-2 


Tbe  NaomaDD  symbols  given  above  are  analogous  to  those  of  the  orthorhombic  system. 
The  long  mark  employed  is  to  be  understood  to  be  conventioDal  only  and  as  referring  to 
the  ortho-axis,  S.  It  does  not  imply  thnt  this  axis  is  longer  than  the  clino-azis,  a,  though 
this  is  commonly  the  case.  The  inclined  mark  refers  to  the  inclined  axis.  d.  With 
tome  authors  these  marks  pass  through  the  P,  instead  of  being  written  over  the  letter  (or 
Bomber)  following. 


*  On  the  geneml  use  of  the  terms  pinacoid,  prisms,  domes,  pyramids,  see  pp.  26,  90. 
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183.  Pinacoids.— The  pinacoids  are  the  orthopinacoid,  clinopinacoid^  and 
the  basal  plaue. 

The  orthopinacoidy  (100),  includes  the  two  faces  parallel  to  the  plane  of 

the  ortlio-axiSy  i  and  the  vertical  axis  6,  The^  have  the  symbols  100  and  lOO. 
This  form  is  designated  by  the  letter  a,  since  it  is  situated  at  the  extremity  of 
the  a  axis;  it  is  hence  conveniently  called  the  a-pinacoid. 

The  clinopiyiacoid,  (010),  includes  the  two  faces  parallel  to  the  plane 
of  symmetry;  that  is,  the  plane  of  the  clino-axis  a  and  to  the  axis  i.  They 
have  the  symbols  010  and  OlO.  The  clinopinacoid  is  designated  by  the  letter  b^ 
and  is  called  the  b-pinacoid. 

The  base  or  basal  pinacoid,  (001),  includes  the  two  terminal  faces,  above 

and  below,  parallel  to  the  plane  of  the  lateral  axes  a,  h;  they  have  the 
symbols  001  and  OOl.  The  base  is  designated  by  the  letter  c,  and  is  often 
called  the  c-pinncoid.  It  is  obviously  inclined  to  the  orthopinacoid^  and  the 
normal  angle  between  the  two  faces  (100  A  001)  is  the  acute  axial  angle  /3, 

The  diametral  prism,  formed  by  these  three  pinacoids,  taken  together, 
Fig.  312,  is  the  analogue  of  the  cube  in  the  isometric  system.  It  is  bounded 
by  three  sets  of  unlike  faces;  it  has  four  similar  vertical  edges;  also  four 
lateral  similar  edges  parallel  to  the  axis  a,  but  the  remaining  edges,  parallel 
to  the  axis  J,  are  only  similar  two-and-two.  Of  its  eight  solid  angles  there  are 
two  sets  of  four  each;  tlie  two  above  in  front  are  similar  to  those  below  behind, 
and  tl)e  two  below  in  front  to  those  behind  above. 

184.  PriBms. — The  prisms  are  all  of  one  type,  the  oblique  rhombic  prism. 
Tliey  include  the  unit  prism,  (110),  designated  by  the  letter  m,  shown  in 
Fig.  313;  also  the  orthoprisms,  {hkO)  where  /*  >  k,  lying  between  a  (100) 
and  m  (110),  and  the  clinoprisms,  {hkO)  where  h  <  k,  lying  between  m  (110) 
and  b  (010).  The  orthoprisnis  and  clinoprisms  correspond  respectively  to  the 
niacroprisms  and  bnichyprisms  of  the  orthorhombic  system,  and  the  explana- 
tion on  p.  91  will  hence  make  their  relation  clear.  Common  cases  of  these 
prisms  are  shown  in  the  figures  given  later. 


312. 


314. 


101 


ki 


/ 


loi  i 


186.  Orthodomes.— The  four  faces  parallel  to  the  ortho-axis  $,  and  meeting 
the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general  symbols 
{hOl)  and  (hOl).  These  forms  are  called  orthodomes,  they  are  strictly  hemi- 
orthodomes.  For  example,  the  unit  orthodome  (101)  has  the  faces  101  and 
loT;  they  would  replace  the  two  obtuse  edges  between  a  (100)  and  c  (001)  in 
Fig.  313.  The  other  unit  orthodome  (lOl)  has  the  faces  lOl  and  lOl,  and 
they  wauld  replace  the  acute  edges  between  a  and  c.  These  two  independent 
forma  are  shown  together,  with  b  (010),  in  Fig.  314. 
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Similarly  the  faces  301,  30l  belong  to  the  form  (301),  and  SOl,  20l  to  the 
indepeudent  but  complementary  form  (SOl). 

In  the  sTniboli  of  Naumaaii.  Ihe  beml-orthodomes  between  tlie  base  aod  Ibe  troat 
OitbopiiiBCnid  Bbove,  ADd  Uence  coriespondlug  to  tLe  obtuae  edge  between  iLem,  are  di»- 
tinguUlKni  by  the  miDus  sign  (—  1-i  =  lOI.  etc.),  while  those  Mtweeu  Ihe  base  atid  the 
ortfaopinacold  behiod  are  called  plus*  (-f-  1-i  =  101);  Uie  -I7  alKn,  howeveT,  is  uguslly 
omitted.    The  two  sets  of  bemi-pj  rani  Ids  (see  beyond)  are  similar^  disiioguished. 

186.  Cliaodomea. — The  clinodomes  are  the  forms  vhose  faces  are  parallel 
to  the  iuclined  axis,  d,  while  intersecting  the  other  two  axes.  Their  general 
symbol  is  hence  (OK)  and  they  lie  between  the  base  (001)  and  the  clinopinacoid 
(UIO).  Each  form  has  fonr  faces;  thns  for  the  unit  clinodome  theBe  have  the 
symbols.  Oil,  Oil,  Oil,  Oil.     The  form  n  (031)  in  Fig.  321  is  h  clinodome. 

187.  Pyrunids.^ — The  pyramids  in  the  monoclinic  system  are  all  heini- 
pyramids,  embracing  four  faces  only  in  each  form,  corresponding  to  the  gen- 
eral symbol  {hkl).  This  obviouBlj  follows  from  the  symmetry;  it  is  Bhown, 
for  example,  in  the  fact  already  stated  that  the  Bolid  angles  of  the  diametral 
prism  (Fig.  312,  see  above),  which  are  replaced  by  these  pyramids,  fall  into 
two  sets  of  four  each.  Thns  any  general  symbol,  as  (331),  includes  the  two 
independent  forms  (331)  and  (331)  with  the  faces 


321,        3Sl, 


521, 


and 


521, 


The  pyramids  may  be  unit  pyramids,  (hhl),  orthopyramids,  (hhl)  when 
A  >  A,  or  cUnopyramids,  {hhl)  when  h  <  k.  These  correspond  respectively 
to  the  three  priama  already  named.  They  are  analogous  also  to  the  unit 
pyramids,  macropyramids  and  brachy pyramids  of  the  orthorhombic  svBtem, 
and  the  explanation  given  on  pp.  91,  93  should  serve  to  make  their  relatione 
clear.  But  it  must  be  rememl>ered  that  each  general  sjfmbol  embraceB  two 
forms,  {hht)  and  {hhl)  with  four  faces  each,  as  above  explained. 

316.  3I«.  317.  318. 


ffi  ff 

/ 

^ 

A 

a< 

hH 

/ip  i 

/ 

\^ 

V 

^ 

188.  IUiWti»tionB.— Figs.  315-318  of  pyroxene  («:i:i  =  1  092  : 1:0589, 
A  ^  74°  =  oe)  show  typical  monoclinic  forms.     Fig.  315  shows  the  diametral 

"Thh  choice  of  signs  by  Nanmann  was  u n fori  11  n ate,  being  contrary  to  ordinary  usage: 
It  ts  however.  t4>0  geomlly  accepted  to  admit  of  being  reversed.  He  was  led  to  adopt  it 
bettose  the  intenwT  angle  of  the  upper  front  edge  between  001  and  100  is  obtuse  and  hence 
Um  Gorine  <«.f.  fai  the  general  coatue  formula  for  tlie  angle  between  two  faces)  Is  ntgaUvi. 
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Srism.  Ot  the  other  forma,  m  ig  the  unit  prism  (110) ;  p  (lOl)  is  an  ortho* 
ome;  u  (111),  v  (231),  s  (111)  are  unit  pyramids;  for  other  flgnres  see 
p.  387.  Again,  Figs.  319-321  represent  common  crystala  of  orthoclase 
(A:t:i  =  0-659 : 1 : 0-555,  /!  =  64"  =  ae).  Here  t  (1.30)  is  a  clinopriam ; 
x(IOl)  and  ^(301)  are  orthodomea;  n  (021)  is  a  dinodome;  o(Ill)  a  unit 
pyramid.  Smco  (Fig.  319)  c  and  x  happen  to  make  nearly  equal  angles  with 
the  vertical  edge  of  the  prism  m,  the  combination  often  stimalates  an 
orthorhombio  crystal. 


C7] 


Fig.  332  shows  a  monoolinio  crystal,  epidote,  prismatic  in  th«  direction  of 
the  ortho-axis;  the  forms  are  r  (lOl)  and  n(Ill).  Fig.  323  of  gypsnm  is 
flattened  |  b;  it  shows  the  unit  pyramid  I  (111)  with  the  unit  prism  m  (110). 
Fig.  324  of  monazite  is  prismatic  in  habit  by  extension  of  the  pyramid  c  (111). 
It  shows  also  the  orthodome  tiT(lOl);  tbeclinodome  e  (Oil};  the  pyrunlds 
r  (111),  » (121),  z  (311),  i  (iSll). 


^ 


189.  Prctjeotloni. — Fig.  325  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  653,  p.  43ij)  on  a  plane  normal  to  the  prismatic  sone,  and  Fig.  32b 
one  of  a  similar  crystal  on  a  plane  parallel  to  b  (010) ;  both  shonld  be  oanfully 
studied,  as  also  the  spherical  projection  of  the  same  speciesi  Fig.  827.  The 
symbols  ot  the  prominent  faces  are  giren  in  Fig.  327. 
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2.  HEMIMOEPHIC  GROUP  (29). 

190.  The  monocliniC'hemimorphic  group  is  characterized  by  a  single  axis 

of  binary  symmetry,  the  crystallographic  axis  ij  but  it  h»s  no  plane  of  sym- 
metry. It  is  illustrated  by  the  spherical  projection  (Fig.  328);  also  by 
Fig.  329,  a  common  form  of  tartanc  acid;  sugar  crystals  also  belong  here. 


328. 


329. 


Tartaric  Acid. 
Forma:  r  (101),  /a  (101),  y(Oll). 


The  hemimorphic  cbaraoter  is  distinctly  shown  in  the  distribution  of  the 
clinodomee  ana  pyramids;  corresponding  to  this  the  artificial  salts  belonging 
here  often  exhibit  marked  pyro-electrical  phenomena. 
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3.   CLINOHEDRAL  GROrP  (30).     CLINOHEDRlTE  TYPE. 

191.  The  monoclinic-cliiiohedral  group  (the  domatio  class  of  Grotb) 
is  characterized  by  a  single  plane  of  symmetry,  parallel  to  the  clino- 
pinacoid,  b  (010),  but  it  has  no  axis  of  sjmnietrj  (cf.  Fig.  33U).  In  this 
group,  therefore,  the  forma  parallel  to  the  o-axis,  viz.,  c  (001),  a  (100)  and  the 
orthodomes,  are  represented  by  a  single  face  only.  The  other  forms  have  each 
two  faces,  but  it  is  to  be  noted  that,  with  the  single  exception  of  the  clino- 
pinacoid  b  (010),  the  faces  of  a  given  form  are  never  parallel  to  another. 
The  name  given  to  the  group  is  based  on  this  fact. 

Several  artificial  salts  belong  here  in  their  crystallization,  but  the  only 
known  representative  among  minerals  ia  the  rare  silicate,  cliiiohedrite 
(HjCaZnSiO,),*  a  complex  crystal  of  which  is  shown  in  two  positions  in  Figs. 
331,  331a.  As  seen  in  these  figures,  the  crystals  of  the  group  have  a  hemi* 
morphic  aspect  with  respect  to  their  development  in  tlie  direction  of  the 
vertical  axis,  although  thej  cannot  properly  he  called  hemimorphic  since  this 
is  not  an  axis  of  symmetry.  The  forms  shown  in  Figs,  331,  33lo  are  as 
follows:  piiiacoid,  b  (010);  prisms,  m  (110),  m,  (IlO),  A  (320),  h  (ViO),  I  (130); 
orthodomes,  e  (101),  b,  (IoI);  pyramids,  p  (111),  p,  (III),  q  (111);  r  (531), 
a,  (551),  t  (?;i),  «  (531),  0  (I31),  X  ll3l),  y  (l2l). 


It  is  to  be  noted  that  crystals  of  the  common  species  pyroxene  (also  of 
ffigirite  and  titanite)  occasionally  show  this  habit  in  the  distribution  of  their 
faces,  but  it  is  not  certain  that  this  may  not  be  accidental.f 

M  AT  HEMATIC  A  L  Relations  ov  tub  Mohoclinic  Ststeh. 

192.  CholoeoIAxM— It  [a  rcpfiilai  Imru  (An.  181).  Ihat  the  fixed  position  of  the  pin  ne 
of  symmtiry  CBliililisliea  tile  clireclbo  uf  llie  axis  $  and  llic  plane  of  llie  axes  d  nnd  i.  Tbe 
liiller  axes,  Imwever,  miiy  liiivi;  varying  jMisiibua  in  tliis  platiu  urcnnling  as  to  which  fiicea 
are  inkcn  ns  Ibe  pin.iciilds  a  and  c.  unci  whicii  tiie  unit  pyiomlil,  iirisin,  or  domes. 

198.  Axial  and  AagalM  Element*  — Tlie  trial  eUmenOi  nrc  tbe  UngOit  of  the  axes  A  nn»l  A 
lu  lerms  of  ibe  unit  axis  S.  Oiai  ia.  tlie  iixiiil  inilo,  with  niso  tbe  acute  nngle  of  lucltuntion 
of  tbe  iiJtea  H  and  i,  called  0.     Tlius  for  (ntboclaau  tbe  axial  elemcDta  are  ; 
a:i:h  =  0658B :  1  :  05554    ,S  =  88°  66|'. 


e,  KmA.  Sc..  6.289,  1898. 

08,  Anl;'a.  8c.,  34,  376,  1887,  38. 1: 
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The  angular  elemeDts  are  usually  taken  as  the  angle  (100  a  001)  which  is  equal  to  the  angle 
/?;  also  the  angles  between  the  three  pinacoids  100,  010,  001,  respectively,  and  the  unit 
prism  110,  the  unit  orthodome  (101  or  101)  and  the  unit  cliuodome  Oil.  Thus  agaiu  for 
onhoclase,  the  angular  elements  are  : 

001  A  100  =  eS**  56|',     100  A  110  =  30'  36  J'. 
001  A  iOl  =  50'  16f ,     001  A  Oil  =  26''  31'. 

194.  The  mathematical  relations  connecting  axial  aud  angular  elements  are  as  follows: 

^^tauOOOAjlO)        ^^       ,au  (100  A  110)  =  d .  sin /J;  (1) 

sm  p 

h  =  ton  (001  A  Oil)        ^^        ^,^  A  Oil)  =  i .  sip  /S;  (2) 

sin /8 


i  = 


i  = 


d .  tan  (001  a  101)  „,  ,„„  -nA,   *  mn  _       "^sin/? 

siu/>-cos/?.lan(00lAl0l)  °'  tim  (001  A  101)  =  ^  _^  ^  ^.^^  ^  . 

a.tacJOOlAiOl)  „,  ^^  (001  A  iOl)  =  ,    ^  f  ^  ^■. 
sin  /8  4-  cos  jC^ .  tan  (001  a  lOl)  '      d  -^  c  ..cos  fi, 


(3) 


These  relations  may  be  made  more  general  by  writing  in  the  several  cases — 

k  k 

in(l)    AAOforllO     and    -dford;  in  (2)    OA:/ for  Oil    aud     -h  tor  hi 

in  (3)    AO/ for  100    and    -hfovh. 

t 

Also 

^  _  sin  (001  A  lOl)  _  sin  (001  a  lOJ) 
d  ""  sin  (100  A  lOf)  ""  siu  (100  a  TOl)* 
and  more  generally 

A      ^  _  sin  (001  A  hOl)  __  sin  (001  A  /iOQ 
d   •  /  "  sin  (100  A  fm  -  3ijj  (100  ^  iQi)' 

Note  also  that 

tan  0  =  <2        and        tan  C  =  <^; 

where  0  is  the  angle  (Fig.  827)  between  the- zoue^circles  (001,  100)  and  (001,  110);  also  C  the 
angle  between  (100,  001)  and  (100,  Oil). 

All  the  above  relations  are  important  and  should  l)e  thoroughly  understood. 

195.  The  problems  which  usually  arise  have  as  their  object  either  the  deducing  of  the 
axial  elements,  the  angle  /?  and  the  values  of  a  and  h  in  terms  of  h  (=1),  from  three 
measured  angles,  or  the  finding  of  any  required  interfacial  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  nxfnl  elements, 
and  beyond  this  all  ordinary  problems  can  be  solved*  either  by  the  solution  of  splieriail 
triangles  on  the  sphere  of  projection,  or  by  the  aid  of  the  cotangent  (and  taiiirent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  great  circles  on  the  sphere  of  project  ion  (P'iir. 
327)  from  010  cut  the  zone  circle  100,  001,  100  at  right  angles,  but  those  from  100  rut  the 
zone  circles  010,  001,  010  obliquely,  as  also  those  from  001  cutting  the  zone  circle  100,  Oio, 
100. 

196.  Tangent  and  Cotangent  Btlations. — The  simple_^a^?^^;i^  relation  holds  good  for  all 
zones  from  010  to  any  pole  on  the  zone  circle  100.  001,  100;  in  other  words,  for  the  i)risni9. 
c  incMJomes.  and  zones  of  pyramids  in  which  the  ratio  of  h:  I  is  constant  (from  dOl  to  hOl  or 

to  hOl).     Thus  it  is  still  true,  as  in  the  orthorhombic  system,  that  the  tangents  of  the  angles 


♦  The  general  formulas,  from  which  it  is  possible  to  calculate  directly  the  angles  between 
any  face  and  the  pinacoids,  or  the  angle  between  any  two  faces  whatever,  are  so  complex 
as 'to  be  of  little  yalue. 
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of  the  prisms  210,  110,  120, 180  from  100  are  in  the  ratio  of  | :  1 : 2 : 8,  or,  more  geoerally, 
.that 

tan  (100  AhkO)_k  tan  (010  AhkO)_h 

tan  (100  A  110) ""A       ^^      tan  (010  a  HO)""** 

Also  for  the  cliuodomes  the  tangents  of  the  angles  of  012,  Oil,  021  from  001  are  in  the 
ratio  of  1 : 1  .2,  etc.  A  similar  relation  holds  for  the  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111,  212,  etc. 

For  zones  other  than  those  mentioned  in  the  preceding  article,  as  from  100  to  a  clino- 
donie,  or  from  001  to  a  piism,  the  more  general  cotangent  formula  gi?en  in  Art  47  must  be 
employed.    This  relation  is  simplified  for  certain  common  cases. 

For  any  zone  starting  from  001.  as  the  zone  001, 100,  or  001. 110,  or  001,  210.  etc.;  if  two 
aneles  are  known,  viz.,  the  angles  between  001  and  those  two  faces  in  the  gi?en  zone  which 
fall  (1)  in  the  zone  010,  101,  and  (2)  in  the  prismatic  zone  010,  100;  then  the  angle  between 
001  and  any  other  face  in  the  gi?en  zone  can  be  calculated. 

Thus, 

Let  001  A  101  =  PQ  and  001  a  100  =  PR. 
or  ••  O0lAlll  =  PQ  *•  001  A  110  =  PR, 
or    "  001  A  212  =  PQ        "        001  A  210  =  PR,  etc. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
zone  (as  201,  or  221,  or  421,  etc.,  or  in  general  AO^  !ihl,  etc.)  is  given  by  the  equation 

cot  PS  -cot  PR_  I 
cot  PQ- cot  Pli~A' 

For  the  corresponding  zones  from  001  to  100,  to  1 10.  to  210,  etc.,  the  expression  has  the 
same  value;  but  here 

PQ  =  00lAi01.     PR  =  0OlAiOO,     PS  =  001  A  XW, 
or  001  A  111,  etc. ,      001  A  110,  etc,      001  A  hM,  etc 

If,  however,  100  is  the  starting-point,  and 

100  A  101  =  PQ,        100  A  001  =  PR. 

or  100  A  111  =  PQ,        100  A  Oil  =  PR.  etc., 

then  the  relation  becomes 

cot  PS  -cot  PR_A 
cot  PQ- cot  PR""  r 


VI.  TRICLINIC  SYSTEM. 

197.  The  Triclinic  System  includes  all  the  forms  which  are  referred  to 
three  unequal  axes  with  all  their  intersections  oblique. 

The  axes  are  here  designated  as  in  the  orthorhombic  system,  the  letters 
used  for  the  lateral  axes  d,  h  (or  a,  b),  having  a  short  or  long  mark  over  them 
to  indicate  which  is  the  shorter  and  which  the  longer  axis.  In  the  majority 
-of  cases,  d  is  the  brachy-axis  and  h  the  macro- axis.     But  this  is  not  invariably 

true;  thus  with  rhodonite  the  ratio  of  a  :i  =  1-073  :  1.  The  vertical  axis  is 
always  designated  by  i.  The  angle  between  the  axes  b  and  i  is  called  a,  that 
between  a  and  i  is  p,  and  that  between  a  and  ^  is  ^  (Fig.  333). 

It  is  to  be  noted  that  there  is  no  necessary  relation  between  the  values  of 
a,  /3,  and  y,  any  one  may  be  greater  or  less  than  90^;  this  is  determined  by  the 
ohoice  of  the  fundamental  forms. 
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1.  NORMAL  GROUP  (31).    AXINITE  TYPE. 

198.  Symmetry. — The  normal  group  of  the  triclinic  system  is  characterized 
by  a  center  of  symmetry^  the  point  of  intersection  of  the  three  axes^  but  there 
is  no  plane  and  no  axis  of  symmetry.*  This  sym- 
metry is  shown  in  the  accompanying  spherical  pro- 
jection (Fig.  332). 

199.  Forms. — Each  form  of  the  group  includes 
two  faces,  parallel  to  one  another  and  symmetrical 
with  reference  to  the  center  of  symmetry.  This  is 
true  as  well  of  the  form  with  the  general  symbol 
(/lib/)  as  of  one  of  the  special  forms,  as,  for  example, 
the  a-pinacoid  (100). 

Hence,  as  shown  in  the  following  table,  the  four 
prismatic  faces  110, 1 10,  IIO,  llo  include  two  forms, 
namely,  110,  IIO,  and  110,  llo.     The  same  is  true 

of  the  domes.     Further,  any  eight  corresponding  '^-^ i— *'" ' 

pyramidal  faces,  as,  for  example.  111,  111,  ill,  ill,  » 

III,  III,  III,  ill  belong  to  four  distinct  forms,  namely,  111,  III;  111,  III; 

III,  111;  ill.  III,  and  similarly  in  general. 

The  Tarious  types  of  forms  are  given  in  the  following  table: 

Miller.  NniimanD. 

Base  or  e;-pinacoid (001)  ccd  :  cohiS  OP  or  0,  c 

T-r,;f  ^^;o«,  i  (110)  dihioQd  oo  P'  or  y,  m 

^"^^P"«"^ 1(110)  *:-5:oo(J  cc'Pov'Am 

Macroprisms  )  ( {hkO)  d  :ni  :  cod  oo  P'n  or  i-u^ 

^>*         )' V(hkO)  d:-nh:oQd  cc'Ph  or 'i^lt. 

Brachyprisms  )  j  (hkO)  nd  :h  :  cod  oo Pn  or  i-n 

^*<*         ) i{JikO)  nd:h:cod  ^  Pn  or  un 

Macrodomes J  (f 2  ^:«>J:m(J  m'P'^  or'm-i' 

(  (hOl)  —  d  :ooo  ime  m^P ^co  or  /w-r 


Brachydomes 


Unit  pyramids 


Macropyramidsf ) 
h>  k  J 


j  (0^/)  cod  :h  :md  mPco '  or  m-i 

(  (Okl)  cod  :  —  i:in6  'mPco  or  vi-i 

{{hhl)  a  :b  :  mc  mP'  or  m' 

Qihl)  ^  a  :  b  :mc  m,P  or  ^m 

(hhl)  —  a  :  —  b  line  mP,  or  m^ 

(hhl)  a  :  —  b  :  mc  m'P  or  'm 

^  (hkl)  d  :  ni  :  mi  mP'n  or  in-n' 

(hkl)  —  d  :  nJ> :  mi  mj^i  or  ^vi-n 

(hkl)  —  d  :  —  nh  :  mi  mP/n  or  m-n^ 

^  (hkl)  d  :  —  nh  :  mi  m^Pn  or  'm-n 


•  On  the  other  method  of  ylewing  the  symmetry  here  described,  see  Art.  17,  p.  10. 
t  Id  the  abore  table  it  is  aasumed  that  the  axial  ratio  \s(l:l:h.    If  it  were  a  :h:h,  the 
Dftmes  brachy-  and  nuicro-  would  be  exchanged,  aini  also  the  long  and  short  marks  in  the 
NaumanD  Bymbols.    The  uae  of  accents  to  distinguish  prisms,  domes,  and  pyramids  accord* 
log  to  tbefar  iMilttoii  Is  to  be  noted. 
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200.    The  explanations  given  under  the  two  preceding  systems  make  it 
nnnecessarv  to  aiscuss  in  detail  the  various  forma   individually,  except  as 
333.  illustrated  in  the  case  of  crystals  belongiog  to  certain 

typical  iricliniu  species. 

It  may  be  mentioned,  however,  that  Fig.  333  shows 
the  diametral  prism,  which  is  bounded  by  three  sets  of 
unlike  faces,  the  pinacoids  a,  h,  and  c.  This  is  the 
analogue  of  the  cube  of  the  isometric  system,  but  here 
the  like  faces,  edges,  and  solid  angles  include  only  a 
given  face,  edge  and  angle,  and  that  opposite  to  it. 

201.  lilustratioiu.— A  typical  triciinic  crystal  is 
shown  in  Fig.  334  of  axinite,  already  introduced.  Here 
a  (ICO)  is  the  macropinncoid;  m  (110)  and  if  (110)  the 
two  unit  prisms;  a  (201)  a  macrodome, and  x(lll)  and 
r  (ill)  two  unit  pyramids.  ""  ■  •  ■■  ■ 
d  :  5  :  <(  =  0-49  : 1  :  0-48,  a  =  82° 


The  axial  ratio  is  as  follows : 
=  91°  52',  y  =  131°  3 


Figs.  335,  336  show  two  crystals  of  rhodonite,  a  species  which  is  allied  to 
pyroxene,  and  which  approximates  to  it  in  angle  and  habit.     Here  the  fac«8 


are:  Pinacoids  «  (100),  J  (010),  c  (001);   prisms  m  (110),  3f  (llo);   pyramids 
y  (331),  i  (521),,,  (551),  r  {!!]). 

FurClicr  illustratiouB  are  given  by  Fig.  337  of  albite  and  Fig.  338  of  anor- 
thite.  Thesymbolsof  the  faces,  337.  338. 

besides  the  pinacoids  and  the 
unit  prisms,  are  as  follows:  Fig. 
337,  X  (Till);  Fig.  338,  prisms 
/  {\m,  z  (i:10);  domes  ^(207), 
1/  (501),  e  (021),  r  (061),m(051); 
pyramids  m  (111),  a  (ill), 
■0  (111), ;'  (511).  In  Fig.  338 
-of  auorthite  the  similarity  of 
the  crystal  to  one  of  orthoclase 
is  evident  on  slight  examination 

(cf.  Figs.  319, 320),  and  careful  Aione.  AnorUilte. 

stndy  with  the  measnnment  of  angles  shows  that  the  oorresposdenoe  ii  Ten 
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doee.     Hence  in  this  case  the  choice  of  the  fundamental  planes  is  readily 
made. 

Fig.  339  represents  a  crystal  (artificial)  of  blae  vitriol,  the  mineral  chal- 

339.  340. 


339a. 


OfOft 


canthite;  Fi^.  339a  gives  a  projection  on  a  zone  normal  to  the  prisms,  and 
Fig.  340  a  spnerical  projection.  The  last  figure  also  shows  the  symbols  of  the 
different  faces. 


/ 


2.  ASYMMETRIC   GROUP  (32). 

202.  Besides  the  normal  group  of  the  triclinic  system 
possible  group,  possessing  symmetry  neither  with 
respect  to  a  plane,  axis  nor  center;  in  it  a  given 
form  has  one  face  only.     This  group,  the  asym- 
metric  class  of  Groth,  finds  examples  among  a  /^ 

number  of  artificial  salts.   One  of  these  is  calcium 
thiosulphate  (CaS,0,.  6H  0);   as  yet  no  mineral 
species  is  known  to  be  included  here.    This  is  the      / 
most  general  of  all  the  thirty-two  types  of  forms      i 
classified  according  to  their  symmetry  and  comes      \^. 
first,  therefore,  if  the  groups  are  arranged  in  order  ^\^ 
according  to  the  degree  of  symmetry  characterizing 
them.     This  group  is  one  of  those  whose  crystals 
may  show  circular  polarization.     This  is  true  of 
eleven  of  the  groups  which  have  been  described  in 
the  preceding  pages. 
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Mathematical  Relations  op  the  Triclinic  System. 

808.  OhoiM  of  AXM. — It  is  obvious,  from  what  bns  bei^n  said  as  to  the  symmetry  of  tbis 
system,  that  any  three  faces  of  a  triclinic  crystal  may  be  eboseu  as  tbe  piiiacoids.  or  the 
faces  which  fix  the  position  of  the  axial  planes  and  the  directions  of  the  axes;  moreover, 
there  Is  a  like  liberty  in  the  choice  of  the  unit  prisms,  domes  or  pyramids  which  further  fix 
the  lenglba  of  the  azei. 
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When  the  crystal  in  band  is  allied  in  form  or  com  position  to  other  speciei  wneitic  of 
the  same  or  diftereut  systems,  this  fact  simplifies  the  problem  and  makes  the  cfioice  01  ^he 
fundamental  forms  easjr.  This  is  well  illustrated,  as  already  noted,  by  the  triclinic  feldspars 
(e.g.,  albite  aud  auorthite.  Figs.  887,  838;  which  are  near  lu  angle  to  the  allied  monoclioic 
species  orthoclase.  Rhodonite  (Figs.  885,  88(5),  the  triclinic  member  of  the  pyroxene 
group,  is  auuther  good  example. 

In  other  cases,  where  no  such  relationship  exists,  and  where  varied  habit  makes 
different  orientations  plausible,  there  is  but  little  to  guide  the  choice.  This  is  illustrated 
in  the  case  of  axiuite  (Fig.  884),  where  at  least  ten  distinct  positions  have  been  assumed  by 
different  authont. 

204.  Axial  and  Angular  Elec*^**t8.— The  axial  elements  of  a  triclinic  crystal  are:  (1)  the 
axial  ratio,  which  expresses  the  leu^Mis  of  the  axes  a  and  ^  in  terms  of  the  third  axis,  b; 
and  (2)  the  angles  beiweeu  the  axes  a,  /H,  y  (Fig.  838).  There  are  here  five  quantities  to  bf 
determined  which  obviously  requau  ihc  measurement  of  five  independent  angles  between 
the  faces. 

The  angiUar  elemenU  are  usually  taken  as  the  angles  between  the  pinacoids  and.  in 
addition,  those  between  each  pinacoid  and  the  unit  face  lying  in  the  zone  of  the  other 
pinacoids;  that  is, 

ab,    100  A  010,    ac,    100  A  001,    be,    010  A  001; 
also 

am    100  A  110,  001  A  101,  001  A  Oil' 

or,  instead,  any  one  or  all  of  these, 

aM,    100  A  110.  001  A  iOl.  001  A  Oil. 

Of  these  six  angles  taken,  one  is  determined  when  the  others  are  known. 

805.  The  mathematical  relations  existiog  between  the  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  drawn  out  with 
great  completeness,  but  they  are  necessarily  complex  and  in  general  have  little  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  by  means  of  the  triangles 
of  the  spherical  projection,  together  with  the  cotangent  foimula  connecting  four  planes  in 
the  same  zone  (Art.  47,  p.  81 1;  this  will  often  be  laborious  and  may  require  some  ingenuity, 
but  iu  general  involves  no  serious  difficulty.  In  connection  with  the  use  of  the  cotangent 
formula,  It  is  to  be  noted  that  in  certain  commonlv  occurring  cases  its  form  is  much 
simplified;  some  of  these  have  already  been  explained  under  the  monoclinic  system 
(Art.  196).     The  formulas  given  there  are  of  course  equally  applicable  here. 

206.  The  first  problem  may  be  to  find  the  axial  elements  fiom  measured  angles.  Since 
these  elements  include  ^ye  unknown  quantities,  viz..  the  three  axial  angles  a,  y5,  y  and 
the  lengths  of  the  axes  a  and  h  iu  terms  of  b,  five  measured  angles  are  required,  as  already 
stated. 

These  angles,  by  use  of  three  or  more  sphericjil  trinngles,  will  serve  to  give  the  angles  (see 
Pig.  340)  n,  p,  //.  V,  r,  o-(or  the  corresponding  angles  ti*,  p\  etc.,  in  the  adjacent  quadrants). 
The  ratio  of  the  sines  of  each  pair  of  these  angles  tixes  the  ratios  of  the  corresponding  axes 
(see' below).  The  full  axial  ratio  may  be  obtained  from  any  two  pairs  and  the  third  ratio 
serves  as  a  check  upon  the  results  given  by  the  other  two. 

The  simple  formulas  required  are  : 

sin  r  _  sin  r'  _  a       sin  v  _  sin  r'       i      sin  ir  ^  sin  it*  ^  i 
sin  o"  ~"  sin  o^  ""  6  '    sin  //  ~  sin  >u'  "  a '     sin  p  ~  sin  p'  "  b' 

If  the  corresponding  angles  for  the  general  case  are  given  (not  those  of  the  unit  zones),  the 
relations  are  similar.  Tiiat  is,  if  for  the  face  ?ikl  the  corresponding  angles  be  represented 
by  To,  0*0 ,  etc..  where  ro,  o-©  are  the  angles  between  the  zone  circles  100,  001  and  100.  OlO 
respectively  and  the  zone  circle  001.  hkQ  (and  similarly  for  r«,  0*0  in  the  adjacent 
quadrant,  also  similarly  vo.  Mo*  etc.),  these  relations  may  be  expressed  in  the  general  form 

sin  Tt  __  sin  r/  __«_*« 
sin  Co ""  sin  O"©'  "  AT      A  '  6* 

and  similarly  for     -j — ^,  etc. 

sin  /le 
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Thus  for  the  face  821  the  formulas  become 

siD  r« 


a       2  a 

sin  r.      dh 

sin  n.      2h 

Ib^ib' 

sin  fjit"  a* 

SID  p%^  b' 

siu  G% 

It  is  alao  to  be  noted  that 

a  =  180*  -  u4.       /J  =  180*  -  B.       r  =  180*  -  C, 

where  A,  B,  O  are  the  angles  in  the  piuacoidal  spherical  triangle  100010*00^  at  these 
poles  respectiTely.    That  is, 

il  =  jr-hp  =  jr.  +  p.  =  (180''  -  a); 
B=y  +  ;i  =  y,  +  1/,  =  (180'  -  fi)\ 

O  =  r-fo-"r,  -fo".  =  (180'  -  y)- 
Also 

180*  -  u4  =  ar'  +  p'  ^  ;r.'  +  p.'  =  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  faces 
06(100  A  010),  06(100  A  001)  nnd  ^;  (010  A  001),  which  are  the  sides  of  tliis  trianele. 
the  angles  A,  B,  C  are  calculated  and  their  supplements  are  the  axial  angles  a,  p,  y 
respeciTvely. 

Still  another  series  of  equations  are  those  below,  which  give  the  relations  of  the  angles 
ft,  y,  p,  etc.,  to  the  axes  and  axial  angles.  By  means  of  them,  with  the  sine  formulas 
given  above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial 
elements. 

asiu  fi        ^  6  sin  6 

tan;i  =  — i -,    tan  y  = — ; ^-—^ 

c  -f  a  cos  p  o  -f  c  cos  p 

6  sin  a         ^  c  sin  a 

tan  p  =  — ;— r ;    tan  it  = 


c  -f  6  cos  a  b-\-  c  cos  a 

a  sill  y         .  h  sin  y 

tanrssT-T — ;    tano'  =  — ,  .     ^ — . 

d  4"  o  cos  y  a  -j-  6  cos  y 

These  eqtuUioDS  apply  when  fi  +  r,  etc. ,  is  less  than  90** ;  if  their  sum  is  greater  than 
90*  the  sifirn  1°  tbe  denominator  is  negative. 

S07.  Tlie  following  equations  are  also  often  useful ;  they  give  the  relations  between  the 
angles  or,  fi,  y,  and  the  angles  |/,  v,  etc.,  already  defined. 

2  sin  p  sin  p'       2  sin  n  sin  n' 
tan  a  = 


taD/9  = 


tan^  = 


sin  (p  —  p')        sin  (jt  —  ar')  ' 

2  J»in  fi  sin  /i'  __  2  sin  v  sin  r' 
sin  (ji  —  jii')  "^  sin  (v  —  v') ' 

2  sin  r  sin  r'      2  sin  o*  sin  cr^ 


sin  (r  —  r')        sin  ic  —  a) ' 

Also, 

«+jr+p  =  )fir  +  )U  +  y  =  ^+r-fo-=r  180*. 

The  calculation,  from  the  angular  elements  or  from  the  assumed  fundamental  mea.<(ured 
nnjE^les.  either  (1)  of  the  angular  position  of  any  faro  whose  symbol  is  given,  or  (2)  of  the 
symbol  of  an  unknown  face  for  which  measured  an^le^  are  at  hand,  requires  no  further 
explanation.  The  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
of  itpherical  triangles  on  the  projection  (with  the  use  of  the  sine  formulas)  will  suffice  in 
addition  In  all  ordlDary 
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MEASUREMENT  OF  THE  ANGLES  OF  CRYSTALS. 

208.  Hand-Goniometers. — The  interfacial  angles  of  crystals  are  measured  by 
means  of  instruments  which  are  called  goniometers. 

The  simplest  form  is  the  hand-goniometer,  represented  in  Fig.  342. 
It  consists  of  an  arc,  graduated  to  half-degrees  or  finer>  and  two  movable 
arms.     In  the  instrument  figured^  one  of  the  arms,  ab,  has  the  motion  forward 

342. 


and  backward  by  means  of  slits  gh,  ik;  the  other  arm,  cd,  has  also  a  similar 
slit,  and  in  addition  it  turns  around  the  center  of  the  arc  as  an  axis.  The 
faces  whose  inclination  is  to  be  measured  are  applied  between  the  arms  ao,  co, 
and  the  latter  adjusted  so  that  they  and  the  surfaces  are  in  close  contact; 
further,  the  arms  must  be  exactly  at  right  angles  to  the  intersection-edge. 
This  adjustment  must  be  made  with  care,  and  when  the  instrument  is  held  up 
to  the  light  none  must  pass  through  between  the  arm  and  the  face.  The 
number  of  degrees  read  off  on  the  arc  between  k  and  the  left  edge  of  d  (this 
edge  being  in  the  line  of  the  center,  o,  of  the  arc)  is  the  angle  required.  The 
motion  to  and  fro  by  means  of  the  slits  is  for  the  sake  of  convenience  in 
measuring  small  or  embedded  crystals.  In  a  better  form  of  the  instrument 
the  arms  are  wholly  separated  from  the  arc;  and  the  arc  is  a  delicately 
graduated  circle  to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals  and  those 
wliose  faces  are  not  well  polished;  the  measurements  with  it,  however,  are 
seldom  accurate  within  a  quarter  of  a  degree.  In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
may  be  obtained  by  means  of  a  different  instrument,  called  the  reflecting 
goniometer. 

209.  Reflecting  Goniometer. — This  instrument,  devised  by  Wollaston  (1809|, 
has  been  much  improved  in  its  various  parts  since  his  time  by  Mitscherlicn 
and  others.    The  principle  on  which  it  is  constructed  may  be  nudentood  by 
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reference  to  the  following  fignre  (Fig.  343),  which  represents  the  section  of  a 
crystal,  whose  angle,  abc,  between  tlie  faces  ab,  be,  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  be,  observes  a  reflected 
image  of  m,  in  the  direction  of  Pn,  The  crystal  may  now  be  so  changed  in 
its  position  that  the  same  image  is  seen  reflected  by  the  343 

next  face  and  in  the  same  direction,  Pn,  To  effect  this, 
the  crystal  mnst  be  turned  around,  until  abd  has  the 
present  direction  of  be.  The  angle  dbc  measures,  there- 
fore, the  number  of  degrees  through  which  the  crystal 
mnst  be  turned;  it  may  be  measured  by  attaching  the 
crystal  to  a  ^aduated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
41,  p.  28).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  tne  system  of  Miller  here  followed. 

Many  different  forms  of  reflecting  goniometer  of  simple  type  are  in  use. 
The  accompanying  figure  (Fig.  344)  will  suffice  to  make  clear  the  general 
character  01  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements 
added  for  the  sake  of  greater  exactness  of  measurement. 

The  circle,  C,  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half-minutes. 
The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k;  this  may  be 
removed  for  convenience,  out  in  its  final  position  it  is,  as  here,  at  the  extremity 
of  the  axis  of  the  instrument.  This  axis  is  moved  by  means  of  the  wheel,  n; 
the  graduated  circle  is  moved  by  the  wheel,  m.  These  motions  are  so  arranged 
that  the  motion  of  n  is  independent,  its  axis  being  within  the  other,  while  on 
the  other  hand  the  revolution  of  m  moves  both  the  circle  and  the  axis  to  which 
the  crystal  is  attached.  This  arrangement  is  essential  for  convenience  in  the 
use  of  the  instrument,  as  will  be  seen  in  the  course  of  the  following  explanation. 
The  screws,  c,  d,  are  for  the  adjustment  of  the  crystal,  and  the  slides,  a,  b, 
serve  to  center  it. 

The  method  of  procedure  is  briefly  as  follows:  The  crystal  is  attached  by 
means  of  suitable  wax  at  k,  and  adjusted  by  the  hand  so  that  the  direction  of 
the  combinatign-edge  of  the  two  faces  to  be  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  {e.g.,  a  window-bar) 
reflected  in  one  face  is  seen  to  coincide  with  another  object  not  reflected  (e,g., 
a  chalk-line  on  the  floor);  the  position  of  the  graduated  circle  is  observed,  and 
then  both  crystal  and  circle  revolved  together  by  means  of  the  wheel,  m,  till 
the  same  reflected  object  now  seen  in  the  second  face  again  coincides  with  the 
fixed  object  (that  is,  the  chalk-line);  the  angle  through  which  the  circle  has 
been  moved,  as  read  off  by  means  of  the  vernier,  is  the  normal  angle  between 
the  two  faces. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of  which 
the  following  are  the  most  important: 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly  stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance  should 
not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  condition  is  satisfied  when 
the  line  seen  reflected  in  the  case  of  each  face  and  that  seen  directly  with 
which  it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only 
when  the  interseotion-edge  of  the  two  faces  measured  is  exactly  in  the  direction 


of  the  axiB  of  the  instrument,  und  perpend iciilur  to  the  plane  of  the  circle. 
The  adjuatmeiit  is  accomplisbeci  roiigliiy  by  tlie  huntl  and  accurately  by  the  | 
■crews  c  uiid  J. 

4.  'L'be  crystal  must  be  centered  oa  nearly  as  possible,  or,  in  other  words, 
Iho  same  intersection-edge  must  coincide  with  a  line  drawn  thi-ough  the 


WTolTing  alia.     This  condition  iriM  he  seen  to  be  distinct  from  tbe  preceding,  I 
Whtcli  retjnired  only  that  the  two  dirfi-Uon.^  abotild  be  the  same      The  error  I 
arising  when  this  condition  is  not  satisfied  diminiebes  as  the  otiject  reflected  is 
removod  farther  from  the  instnimeut,  and  becomes  lero  if  the  object  Is  M  an  I 
infinite  dlstanoe.     In  the   centering  of  the  crystal  the  slides  n  and  h  are  I 


I  removwJ  1 

k  infinite  d 

^mt   Bmployed. 
^^    Thofii 


first  and  second  conditions  arc  both  satisfactorily  fulfilled  hy  th«  t 
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of  a  telescope,  as  /  (Fig.  344),  with  slight  magnifying  power.  This  is  arranged 
for  parallel  light,  and  provided  with  a  hair-cross  in  its  focus.  It  admits  also 
of  some  adjastments,  as  seen  in  the  figure,  but  when  used  it  must  be  directed 
exactly  toward  the  axis  of  the  goniometer.  This  telescope  has  also  a  little 
magnifying-glass  (ff)  attached  to  it,  which  allows  of  the  crystal  itself  being 
seen  when  mounted  at  k.  This  latter  is  used  for  the  first  adjustments  of  the 
crystal,  and  then  slipped  aside,  when  some  distant  object  which  has  been  selected 
must  be  seen  in  the  field  of  the  telescope  as  reflected,  first  by  the  one  face  and 
then  by  the  other  as  the  wheel  7i  is  reTolved.  When  the  final  adjustments  have 
been  made  so  that  in  each  case  the  object  coincides  with  the  center  of  the  hair- 
cross  of  the  telescope,  and  when  further  the  edge  to  be  measured  has  been 
centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  face  is  smooth  and 
large  enough  to  ^ve  distinct  and  brilliant  reflections.*  In  many  cases  sufiQcient 
accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and  a  white  chalk- 
line  on  the  floor  below  for  the  two  objects;  the  instrument  in  this  case  is 
placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to  the  window; 
the  eye  is  brought  very  close  to  the  crystal  and  held  motionless  during  the 
measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second  stands 
opposite  the  telescope,  t  (see  ngure),  the  centers  of  both  telescopes  beins  in  the 
same  plane  perpendicular  to  the  axis  of  the  instrument.  This  second  telescope 
has  also  a  hair-cross  in  the  focus,  and  this  when  illuminated  by  a  brilliant  gas- 
burner  (the  rest  of  the  instrument  being  protected  from  the  light  by  a  screen) 
will  be  reflected  in  the  successive  faces  of  the  crystal.  The  reflected  cross  is 
brought  in  coincidence  with  the  cross  in  the  first  telescope,  first  for  one  and 
then  for  the  other  face.  As  the  lines  are  delicate,  and  as  exact  coincidence 
can  take  place  only  after  perfect  adjustment,  it  is  evident  that  a  high  degree 
of  accuracy  is  possible.  Still  more  than  before,  however,  are  well-polished 
crystals  required,  so  that  in  many  cases  the  use  of  the  ordinary  double  tele- 
scopes is  impossiole.  Very  often  the  hair-cross  of  the  second  telescope  mav 
be  advantageoady  replaced  by  a  bright  line  or  cross,  the  light  shining  tnrougu 
a  cross  cut  in  tin-foil  (Schrauf),  or  as  given  by  the  analogous  Websky  signal. 
This  light-signal  is  visible  in  the  first  telescope  even  when  the  planes  are 
extremely  minute,  or,  on  the  other  hand,  somewhat  rough  and  uneven;  even 
if  the  image  is  not  perfectly  distinct,  it  may  be  sufficiently  so  to  admit  of  fairly 
good  measurements  (e.g.f  within  two  or  three  minutes). 

210.  Horisontal  G^auometer. — A  form  of  reflecting  goniometer  well  adapted 
for  accurate  measurements  is  shown  in  Fig.  345.  It  is  made  on  the  Babinet 
type,  with  a  horixonial  graduated  circle;  the  instruments  of  the  Mitscherlich 
type,  just  described,  having  a  vertical  circle.  The  horizontal  circle  has  many 
advantages,  especially  when  it  is  desired  to  measure  the  angles  of  large  crystals 


*  WheD  planet  are  rough  and  destitute  of  luster  the  angles  can  often  tiest  be  obtained 
hv  use  of  a  candle- flame,  the  diffuse  reflection  of  which  in  the  given  face  takes  the  place  of 
more  distinct  images.  For  embedded  crystals,  nnd  often  in  other  cases,  measurements  may 
be  Tery  advantageously  made  from  impressions  in  some  material,  like  sealing-wax.  Angles 
thua  obtained  ought  to  be  accurate  within  one  degree,  or  even  le^s.  and^  suffice  for  niuny 
fmrpnees.  It  is  sometimes  of  advantage  to  attach  to  the  planes  to  be  measured,  when  quite 
rough,  fragments  of  tbfn  glass,  from  which  reflections  can  be  obtained;  this  must,  however, 
be  done  with  care,  to  avoid  considerable  error.  Occasionally  dusting  ihe  surface  wica 
grmpbile  makes  a  ''shimmer'*  measurement  with  the  caudle-flame  ()ossible,  or.  again, 
eoveriag  ft  wllh  a  thin  film  of  gum  arable. 
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or  those  which  are  athiched  to  the  rock.    This  particnlar  fonn  of  instrament 
here  figured  *  is  made  b;  R.  Fuess  in  Berlin. 

The  inetrainent  stands  an  a  tripod  with  leveling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  turns  the  plate,  d,  carrying 
the  verniera  and  also  the  obserfing  telescope,  the  upright  support  of  which  is 
shown  at  I).  Within  6  is  a  second  hollow  axis,  e,  which  carries  the  graduated 
circle,/,  above,  and  whicliis  turued  by  the  screw-head,  y;  the  tangeut  screw,  it, 
serves  as  a  fine  adjustment  for  the  observing  telescope,  B,  the  screw,  c,  being 
for  this  purpose  raised  so  as  to  biud  b  and  e  together.  The  tangent  screw,  fl, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis,  h,  turned  by  the  screw-head,  i,  and  within  h  is  the  central  rod,  which 
carries  tlie  support  for  the  crystal,  with  the  adjusting  and  centering  con- 
trivances mentioned  below.     This  rod  can  be  raised  or  lowered  by  the  screw,  k. 


so  as  to  bring  the  crystal  to  the  proper  height— that  is,  up  to  the  axis  of  the 
telescope;  when  this  has  been  accomplished,  the  clamp  at  ;>,  tnrned  bv  a 
set-key,  binds  s  to  tlio  axis,  //.  The  movement  of  A  can  take  place  inde- 
pendently of  tf,  but  after  tlie  crystal  is  ready  for  measurement  these  two  aies 
are  bound  together  by  the  set-screw.  /,  The  signal  telescope  is  supported  at  0, 
firmly  attached  to  one  of  tlie  legs  of  the  tripod.  Tiie  crystid  is  mounted  on 
trie  plate,  v,  with  wax,  the  plate  is  clamped  by  the  screw,  r.  The  cen/en'iKt 
apparatus  i-onsists  of  two  slides  at  right  angles  to  each  other  (one  of  these  is 
shown  in  the  figure)  iind  the  screw,  a.  which  works  it;  the  end  ot  the  other 
corresponding  screw  is  seen  at  a'.  The  o'ljuxfiiiij  arrangement  consists  of 
two  cylindrical  sections,  one  of  them,  r,  shown  in  the  figure,  the  other  is  at  r'" 
the  cylinders  have  a  common  center. 

*  Tlie  figure  here  nied  ii  from  the  catalogue  of  Fussi. 
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The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier 
gives  the  readings  to  30'^  but  by  estimate  they  can  be  obtained  to  IC.  The 
signals  provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted 
behind  tne  collimator  lens;  these  are:  (1)  the  ordinary  telescope  with  the 
hair-crossy  to  be  used  in  the  case  of  the  most  perfect  faces;  (2)  the  commonly 
used  siraal,  proposed  by  Websky,  consisting  of  two  small  opaque  circles, 
whose  distance  apart  can  be  adjusted  by  a  screw  between  them;  the  light 
passing  between  these  circles  enters  the  tube  in  a  form  resembling  a  double 
concave  lens;  also  (3)  an  adjustable  slit;  and,  finally,  (4)  a  tube  with  a  single 
round  opening,  very  small.  There  are  four  observing  telescopes  of  different 
angular  breadth  of  field  and  magnifying  power,  and  hence  suitable  for  faces 
varying  in  size  and  in  degree  of  polish, 

'The  methods  to  be  employed,  both  in  making  the  preliminary  adjustments 
required  by  every  instrument  before  it  can  be  used  and  in  the  actual  measure- 
ment of  the  angles  of  crystals,  have  been  described  by  Websky  *  with  a  fullness 
and  clearness  which  leave  nothing  to  be  desired,  and  reference  must  be  here 
made  to  his  memoir. 

211.  Theodolite-Ooniometer. — A  form  of  goniometer  f  having  many  practical 
advantages  has  two  independent  circles;  it  can  be  used  in  a  manner  analogous 
to  that  of  the  ordinary  theodolite,  as  will  appear  below.  Instruments  of  this 
type  have  been  devised  independently  by  Fedorow,  Czapski,  and  Goldschmidt. 
lu  addition  to  the  usual  graduated  horizontal  circle  of  Fig.  345,  and  the  two 
accompanying  telescopes,  a  second  graduated  circle  is  added  which  revolves  in 
a  plane  at  right  angles  to  the  first;  to  the  latter  the  crystal  to  be  measured  is 
attached,  with  the  addition  of  suitable  adjusting  and  centering  contrivances. 

By  this  instrument,  instead  of  the  interfacial  angles  being  measured 
directly,  the  position  of  each  face  is  determined  independently  of  others  by 
the  measurement  of  its  angular  co-ordinates.  These  co-ordinates  are  the  angles 
(0  and  p  of  Goldschmidt)  measured,  respectively,  in  the  vertical  and  horizontal 
circles  from  an  assumed  pole  and  meridian,  which  are  fixed,  in  most  cases,  by 
the  symmetry  of  the  crystal.  In  practice  the  crystal  is  usually  so  mounted 
that  the  prismatic  zone  is  perpendicular  to  the  vertical  circle  and  a  pinacoid 
in  this  zone  is  the  zero  point.  For  example,  with  an  orthorhombic  crystal,  for 
the  face  111,  the  angle  0  is  equal  to  010  A  HO  and  p  to  001  A  HI  for  the 
given  species.  Goldschmidt  has  shown  that  this  instrument  is  directly 
applicable  to  the  svstem  of  indices  and  methods  of  calculation  and  projection 
adopted  by  him,  which  admit  of  the  deducing  of  the  elements  and  symbols 
of  a  given  crystal  with  a  minimum  of  labor  and  calcnlation.J  Fedorow  has 
also  shown  that  this  instrument,  with  the  addition  of  the  appliances  devised 
by  him,  can  be  most  conveniently  used  in  the  crystallographic  and  optical 
study  of  crystals. 


♦See  Websky,  Zs.  Kryst..  3.  241,  1879:  4,  545,  IPSO;  also  Liebisch.  Bericbt  nbor  Hie 
wkafMisoliAftlicben  iDStnimente  auf  der  Berliner  Gewerbeausstellung  iin  Jalire  1879, 
pp.  380-382 

f  Fedorow,  Universal  or  Theodolit- Goniometer,  Zs.  Krvst.,  21.  574.  1^03;  22.  229, 
1898:  Czapski.  Zeitscbr.  f.  Tnstnimontenknnde.  1,  1893;  Golcisclimidt  Zs.  Krvst..  21,  210, 
1892:  24.  610.  1895;  25.  321,  53«.  1896.  On  tbe  method  of  Goldschmidt.  see  Pnl.Mche.  Am. 
J.  fk).,  2,  379.  1896.  A  simplified  form  of  tbe  theodolite-goniometer  is  described  by 
SlOb^r.  Zs.  Kryst..  29.  25,  1897. 

J  Gold»climlldt*«  latest  contribution  to  this  subject  is  bis  work,  Krvstalloempbiscbe 
Vrinkeltabellcn  f482  pp..  Berlin,  1897).  This  gives  tbe  angles  required  by  bis  system 
for  all  known  spedet.  See  also  Zs.  Kryst.,  29,  »61,  1898. 
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COMPOUND  OE  TWIN  CRYSTAI£. 

312.  Twin  Cryitalt. — Twin  cryatols  are  those  ia  which  one  or  more  parts 
rBgularlj  UT&Dged  are  in  reverse  position  with  reference  to  the  other  part  or 
parta.  Thev  often  appear  externally  to  consist  of  two  or  more  crystals 
symmetrically  united,  and  sometimes  have  the  form  of  a  cross  or  star.  They 
also  exhibit  tne  composition  in  the  reversed  arrangement  of  part  of  the  faces. 


Theotrdlte;  ColuroUu.  Chabadte. 

in  the  atrise  of  the  surface,  and  in  re-enterine  angles;  in  certain  oases  th« 
compound  etmcture  can  only  be  surely  detected  oy  an  examination  in  polarised 
light.  The  above  figures  (Figs.  346-348)  are  examples  of  typical  Itinds  of 
twin  crystals,  and  manv  others  are  given  on  the  p^;ea  following. 

To  illnstrate  the  relation  of  the  parts  in  a  twin  crystal,  Figs.  349,  350  are 
given.  Fig.  349  shows  a  regular 
octahedron  divided  into  two 
halves  by  a  plane  parallel  to  an 
octahed^  face.  If  dow  the 
lower  half  be  supposed  to  be 
revolved  180°  about  an  axis 
normal  to  this  plane,  the 
twinned  octahedron  of  Fig.  360 
results.  This  is  a  common 
type  of  twin  in  the  isometric 
system,  and  the  method  here 
employed  to  describe  the  posi- 
tion of  the  parts  of  the  crystal  to  one  another  ia  applicable  to  nearly  all  twins. 
21S.  It  iH  important  to  understand  that  crystals,  or  parts  of  crystals,  so 
grouped  as  to  occupy  parallel  positions  with  reference  to  each  other — that 
IB,  those  whose  similar  faces  are  parallel— are  not  called  twins;  the  term  is 
applied  only  where  the  crystals  or  parts  of  them  are  united  in  their  reTersed 
position  in  accordance  with  some  deducible  mathematical  law.  Thus  Fig. 
351,  which  represents  a  clnster  of  partial  crystals  of  analcite,  is  said  to  be  a 
case  of  parallel  grouping  simply  (see  Art.  281) ;  but  Fig.  369  illustrates  twin- 
ning, and  this  is  true  of  Fig.  378  also.  Since  though  in  these  cases  the  axes 
remain  parallel  the  similar  faces  (and  planes  of  symmetry)  are  rereraed  in 
pontion. 
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214.  Trlnnlny-ulf.— The  relatJTe  position  of  the  parts  of  a  twinned 
crratal  can  be  best  described  as  jast  explained,  by  reference  to  that  line  or  axis 
called    the  Iteinning-axis,  a  revolution  of  180    about  ^^i 

vhich  would  eerve  to  bring  the  twinned  part  parallel  to 
the  other,  or  in  other  words,  which  would  cause  one  of 
the  parallel  parts  to  take  a  twinned  position  relatively 
to  the  other. 

The  twinning-axia  ts  always  a  possible  crystalline 
line — that  is,  either  a  crystal  I  ograpbic  axis  or  the  normal 
to  some  possible  face  on  the  crystal,  usually  one  of 
t))e  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  hare 
actually  been  formed  by  such  a  revolution  of  the  parts  -v^i,-- 

ot  crystals,  for  all  twins  (except  those  of  secondary  Aiuiiclie. 

origin,  see  Art.  SSI)  are  the  result  of  regular  molecular 
growth  or  enlargement,  like  that  of  the  simple  crystal.  This  reference  to  a 
neolution,  and  an  axil  of  revolution,  is  only  a  convenient  means  of  describing 
the  forma. 

In  certain  rare  cases,  particularly  of  certain  psendo-hexagonal  species,  a 
revolntion  of  60°  or  120°  abont  a  normal  to  the  base  has  been  assumed  to 
explain  the  complex  fronp  observed. 

Slfi.  Twinning -pume. — The  plane  normal  to  the  axis  of  revolution  Is 
called  the  twinning-plane.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  the 
majority  of  cases  the  twinned  crystals  are  symmetrical  with  reference  to  the 
twinning-plane. 

The  twinning-plane  is,  with  rare  exceptions,  parallel  to  a  possible  occurrins 
face  on  the  given  species,  and  usually  one  of  the  more  frequent  or  f  undamentu 
forms.  The  exceptions  occur  only  in  the  triclioic  and  monoclinic  systems, 
where  the  twinning-axis  is  sometimes  one  of  the  oblique  crys  tall  ograpbic  axes, 
and  then  the  plane  of  twinning  normal  to  it  is  obviously  not  necessarily  a 
crystal lographic  plane;  this  is  conspicuously  true  in  albite. 

216.  Coinpoaitioa-|daoe. — The  plane  by  which  the  reversed  crystals  are 
united  is  the  compogition-plane.  This  and  the  twinning-plane  very  commonly 
coincide;  this  is  true  of  the  simple  example  given  above  (Fig.  350),  where 
the  plane  about  which  the  revolution  may  be  conceived  to  take  place  (normal 
to  the  twinning-axis)  and  the  plane  by  which  the  semi-individuals  are  united 
are  identical.  When  not  coinciding,  the  two  planes  are  generally  at  right 
angles  to  each  other — that  is,  the  composition-plane  is  parallel  to  the  axis  of 
revolution.  Examples  of  this  are  given  beyond.  Still  again,  where  the 
crystals  are  not  regularly  developed,  and  where  they  interpenetrate,  the  contact 
surface  may  be  interrupted,  or  may  be  exceedingly  irregnlar.  In  such  cases 
the  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but  the 
composition-plane  loses  its  significance. 

Thus  in  quarts  twins  the  interpenetrating  parts  have  often  no  rectilinear 
boundary,  bnt  mingle  in  the  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abmpt  variations  in  the  character  of 
the  surfaces-  This  irregnlar  internal  structure,  found  in  many  quartz  crystals, 
even  the  common  kinds,  is  well  brought  out  by  means  of  polarized  light;  also 
bf  etching  with  hydrofluoric  acid. 

The  oompoaition-plane  has  sometimes  a  more  definite  signification  than  the 
tviDniog-pUnaw    Thia  ia  due  to  the  fact  that  in  many  cases,  whereas  the  former 
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ia  fixed,  the  twinniD^-axis  (and  twinniug-pl&ne)  may  be  exchanged  lOr  another 
line  (and  plane)  at  right  angles  to  each,  respectively;  since  a  revolution  aboat 
the  secoud  axie  will  also  Batisfy  the  conditionB  of  producing  the 
required  form.  An  example  of  this  is  furnished  by  Fig.  352,  of 
orlhoclaae;  the  composition -plane  is  here  fixed — namely,  parallel 
to  the  crystal  face,  0  (UIO).  But  the  axis  of  revolution  may  be 
either  (1)  parallel  to  this  face  and  normal  to  a  (100),  which  la 
then  consequently  the  twinning-plane,  though  the  axis  does  not 
coincide  with  the  orystallograpnic  axis;  or  (2)  the  twinning-axis 
may  be  taken  ae  coinciding  with  the  vertical  axis,  and  then  the 
twinning-plane  normal  to  it  ia  not  a  cryatallo?raphic  face.  In 
C"!^^-!  /  other  simpler  cases,  also,  the  same  principle  holds  good,  generally 
N-  %''-?S/  iu  consequence  of  the  possible  mutual  interchange  of  the  planes 
of  twinning  and  composition.  In  moat  cases  the  true  twinning-plane  is 
evident,  since  it  ie  parallel  to  some  face  on  the  crystal  of  simple  mathematical 
ratio. 

817.  An  iDteresting  example  of  tlie  poBslble  cbotce  between  two  twlmiing-ues  aX  right 
angles  to  each  other  is  furutslied  by  tbe  gpecles  staurollte.  Pig.  409  3l]owa  a  prismatic  twlo 
from  FaDuiQ  Co. ,  Ga.  Tbe  measured  anple  for  M  was  70°  SO*.  The  twInDlog-tkxls  deduced 
from  tbia  may  be  normal  to  tbe  face  (230),  which  would  then  be  the  twinning- plane.  Or, 
toBlend  of  Ibl»  axis,  its  complemeolnry  ai^  at  right  angles  to  It  may  be  takeu,  which  would 
equally  well  produce  Ibe  observed  form.  Now  in  this  species  It  happcus  that  tbe  faces,  l30 
and  830  {over  100),  are  almost  exactly  at  right  angles  with  each  other,  and,  according  to  the 
latter  supposUlou.  lliO  becomes  the  twin  olng- plane,  and  the  axis  of  revolution  Is  normal  lo 
it.  Hence,  either  230  or  ISO  may  be  the  twinning-plane,  either  supposition  agreeing  cloeeljr 
with  tbe  measured  angle  (wblcb  could  not  be  obtained  with  great  accuracj).  The  former 
method  of  twinning  (tw.  pi.  380)  conforms  to  tlie  other  twins  observed  on  the  ipecies.  and 
hence  it  may  be  accepted.  What  is  true  in  this  case,  however,  Is  not  always  true,  for  It 
will  seldom  happen  that  of  tbe  two  complementary  axes  each  is  so  nearly  normal  to  a  face 
of  tbe  crystal.  In  most  cases  one  of  Ibe  two  axes  conforms  to  the  law  in  being  a  normal 
to  a  possible  face,  and  tbe  other  does  not,  and  hence  there  Is  no  doubt  as  to  which  U  the 
true  twlnning-axis. 

Another  Inlcresling  cose  Is  that  furnished  by  coUimbile.  The  common  twins  of  the 
species  are  similar  to  Fig.  847,  p.  118,  and  have  «  (021)  as  the  twinning-plane;  but  twins 
al90  o.ccur  lllcu  Fig.  404,  p.  12S,  where  the  twinning-plane  Is  g  (02S).  The  two  faces,  031 
nnil  023.  are  nearly  at  ligbt  angles  to  each  other,  but  the  measured  angles  are  In  Ibis  case 
sufficirnlly  exact  to  prove  that  llic  two  itiuds  cannot  t>e  referred  to  one  and  the  same  law. 

218.  Contact-  and  Penetration-twins, — In  conlact-lwine,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  by  the 
composition-plane;  they  are  illustrated  by  Figs.  347,  350,  etc.  In  actually 
occurring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  but  one  may  preponnerate  to  a  greater  or  less  extent  over  the  other; 
in  some  cases  only  a  smalLportion  of  tlie  second  individual  in  the  reversed 
position  may  exist.  Very  great  irregularities  are  observed  in  natnre  in  this 
respect.  Moi'eover,  the  re-entering  angles  are  often  obliterated  by  the  abnormal 
developments  of  one  or  other  of  the  parts,  and  often  only  an  indistinct  line  on 
some  of  the  faces  marks  the  division  between  the  two  individuals, 

Penetratioii-twim  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate. Its  it  were  crossing  through  each  other.  Normally,  tbe  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  aystem  for  both;  practically, 
however,  as  in  contact-twitis,  great  irregular- ties  occor. 

Exatnples  of  twins  of  this  second  kind  are  given  in  the  annexed  fignres, 
Fig.  353  of  fiuorite.  Fig.  354  of  tetrahedrite,  and  Fig,  355  of  ohabazita.  Other 
extimplea  occur  in  the  pages  following,  as,  for  instance,  of  the  epecies  stonrolite 
(Figs.  408-411),  the  crystals  of  which  sometimes  occur  in  tiatnre  with  almoat 
the  perfect  symmetry  demanded  by  theory.     It  \a  obvioua  thMi  the  distiuotion 
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between  contact-  and  penetration-twina  is  not  of  great  importance,  and  the  line 
cannot  elwajB  be  clearly  drawn  between  them. 


Flnorite. 


Tetiabedrite. 


Cbsbazite. 


366. 


Rutil«. 

e  kiodB.    In  a  siuiilnr 

tiiaile  up  of  tlilu  pUtte 


SM.  Panganle  tad MeUgenla  Twin*.— TLedistiDction  of  parageulc  and  metngCDic  tirloB 
belongs  rather  to  ciyatnltogeiiy  than  crystal  logrnpljj.  Yet  tlie  furms  are  often  so  ubvioualy 
dbtlncl  tbat  a  brief  notice  of  the  distiactloii  is  iiiipurlnut. 

Id  oidlnary  twiiii,  Ibe  compound  atriicture  had  its  beginning  in 
a  nucleal  compound  molecule,  or  was  compound  in  ils  very  origin, 
■nd  whalCTet  laeqnnlftlcH  in  the  result,  these  are  only  irreRiilHiUies 
tn  tbe  development  from  sucb  a  nucleus.  But  <ti  utliei-s,  the  crystal 
wasat  first  ilmple;  and  aftervtarda,  thniugli  some  change  in  Itself  o 
tn  the  condition  of  the  material  mipplieiT  for  its  IncreaBe.  recfivei 
DCW  lajert,  or  n  contlouatloD.  iu  a  reversed  pusllion.  This  mode  of 
twinning  ia  nutngenie.  or  a  result  siibseijueut  lo  the  origin  of  the 
crystal;  while  the  ordinary  mode  la  paragenie.  Une  form  of  it  is 
Illustrated  in  Pig.  856.  The  middle  portion  had  nttuliied  n  length  of 
bajr  an  Inch  or  more,  and  then  became  geniculatcfd  »itniiltHtieuualy 
at  either  extremity.  These  geulculaiiona  are  ofteti  repeateii  in  rutlle. 
mpA  the  ends  of  the  crystal  are  thus  lieiit  into  one  anolher,  and 
occasionally  produce  Dearly  regular  prismatic  forma. 

This  melagenic  twinniug  is  sometimes  presented  by  [he  successive 
Injeraof  deposition  in  acryslid,  ns  in  aomu  quartz  crystals,  es|)eciaily 
amethyst,  the  inseparable  layers,  exceedingly  thin,  being  of  c 
manner,  crystals  of  the  iriclinic  feldaparn,  alhile,  etc.,  are  of 

parallel  to  b  <0I01.  by  oscillatory  cumpoaition,  and  the  face  e  (OOl),  accordingly,  is  iinely 
striated  parallel  to  the  edge  e,  h. 

220.  Repeated  Twuining,  Folyiynthetio  and  Symmetrical.— In  the  preceding 
paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that  of  the  feld- 
spars; it  is  a  case  of  parallel  repetition  or  parallel  grouping  in  reTersed  position 
of  snccesBiTe  crystalline  lamellse.  This  kind  of  twinning  ia  often  called  polt/- 
synthttic  twinning,  the  lanielle  in  many  caaes  being  extremely  thin,  and  giving 
rise  to  a  series  of  parallel  linea  (atriationa)  on  a  crystal  face  or  a  Eurface  of 
cleavage.  The  triclinic  feldspars  show  in  itiHny  cases  polyaynthetic  twinning 
and  not  infrequently  on  both  c(OOl)  and  6(010),  cf.  p.  130.  It  is  also  observed 
with  magnetite  (Fig.  456),  pyroxene,  barite,  etc. 

Anotner  kind  of  repeated  twinning  ia  illustrated  bv  Figs.  357-3C2,  where 
the  aucceaaively  reversed  individuals  are  not  parallel.  In  theae  casee  tlic  axes 
may,  however,  lie  in  a  zone,  as  tlie  prismatic  twins  of  aragonite,  or  Ihey  may 
be  inclined  to  each  other,  as  in  Fig.  3.ifl  of  stanrolite.  In  all  anch  casea  the 
repetition  of  the  twinning  tends  to  produce  circular  forma,  when  the  angle 
between  the  two  axial  systema  is  an  iiliqnot  part  of  3G0°  (approximately). 
Thne  aix-rayed  twinned  crystals,  congisting  of  three  individuals  (hence  called 
^n^/in^j*)>occarwithchryBober7l  (Fig.  357),  or  ceruasite  (Fig.  358),  orstaurolite 
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(Fig.  359),  since  three  times  the  angle  of  twinning 
360  .    Again,  fife-fold  twins,  or  fivettngs,  oocar  in 


each  csBii  is  not  far  from 
the  octahedrons  of  gold  and 
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spinel  (Fig.  360),  since  5  x  70°  32'  =  360°  (approx.)-  Eight-fold  twins,  or 
eightlingstoi  rutiIe{FigB.  361,357)  occur,  since  tne  angle  of  tneaxesin  twinned 
position  goes  approximate!;  eight  times  in  360°. 

Kepeated  twinning  of  tiie  symmetrical  type  often  serves  to  give  the  com- 
pound crystal  an  apparent  symmetry  of  higher  grade  than  that  of  the  simple 
individual,  and  the  resnit  is  often  spoken  of  as  a  kind  of  pseu  do -symmetry  (Art. 
20),  of.  Fig.  397  of  aragonite,  which  represeotB  a  pseudo-hexagonal  crvBtal. 
Fig.  363  of  phillipaite  (cf.  Fip.  423-424)  is  an  interesting  case,  since  it  shows 
how  a  multiple  twin  of  a  monoclinic  crystal  may  simulate  an  isometric  crystal 
(dodecahedron). 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurence;  an  excellent  example  is  afforded  br 
staurolite.  Fig.  411.  They  have  also  been  observed  on  albite,  orthoclase,  anO 
in  other  cases. 

221.  Secondary  Twinning.— When  there  is  reason  to  believe  that  the  twin- 
ning has  been  produced  subsequently  to  the  original  formation  of  the  crys^, 
or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  be  seconaart/. 
Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  such  seoondarj 
twinning  lamells.  The  same  are  occasionally  observed  (|c,  001)  in  pyroxena 
crystals.    Further,  the  polysynthetic  twinning  of  the  tridinic  fel^para  ia  Qftan 
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•econdary  in  origin.  Thia  Bnbject  Is  further  diacuaied  on  a  later  page,  where 
it  is  also  ex{»luned  that  in  certain  caaes  twinning  may  be  produced  artificiall; 
in  a  orystal  indindaal— «.^.,  in  calcite  (see  Art.  361). 

EXAMPLES  OF  IMPOBTANT  METHODS  OF  TWINNING. 

228.  Itometrio  System. — With  few  exceptions  the  twins  of  the  normal 
group  of  this  system  are  of  one  kind,  the  twiuning-axis  an  octahedral  axis,  aud 
the  twinning-plane  consequently  parallel  to  an  octahedral  face;  in  most  cases, 
also,  the  latter  coincides  with  the  oompoeition-plane.  Fig.  350,  p.  1 18,*  shows 
this  kind  as  applied  to  the  simple  octa}iedron ;  it  is  especially  common  with  the 
spinel  group  of  minerals,  and  »  hence  called  in  general  a  apiael-lwin.  Fi^. 
363  ia  a  similar  more  complex  form;  Fig.  364  shows  s  cube  twinned  by  this 
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method,  uid  Fig.  365  repreeente  the  same  form  bnt  shortened  in  the  direction 
of  the  ootshedniJ  axis,  and  henoe  having  the  anomalous  aspect  of  a  triangular 
pyramid.     All  then  oaaes  are  contact-twins. 

PeDetrstion<twina,  following  the  same  law,  are  also  common.     A  simple 
caae  of  flaorite  ia  ahowo  in  Fig.  353,  p.  121;  Fig.  366  shows  one  of  galena; 
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Fig.  367  is  a  repMted  octahedral  twin  of  baiiynite,  and  Fig.  368  a  dodecahedral 
twin  of  aodalita. 

*  It  will  be  noted  that  here  and  cisewliere  the  letters  used  to  dedgnale  llie  faces  on  the 
iwlniK-d  parte  of  erjttali  are  dlttiugufihtd  b^  a  subscript  liae. 
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223.  In  the  pyritoliedral  group  of  the  iBometric  aystem  penetration- twins 
—  of  the  type  shown  in  Fig.  369  are  common  {this  form  of 

pyrite  ia  often  called  the  iroj*  croas).  Here  the  cubic 
axis  is  the  twiniiing-axiB,  and  obviouely  such  a  twin  is 
impoaaible  in  the  normal  group. 

Figs.  370  and  371  show  analogouB  forma  with  parallel 
aiea  for  cryatala  belonging  to  the  tetrahedral  group. 
The  peculiar  development  of  Fig.  370  of  tetrahedrite  is 
to  be  noted.  Fig.  373  ia  a  twin  of  the  ordinary  spinel 
type  of  another  tetrahedral  apeciee,  sphalerite;  with  it, 
complex  forms  with  repeated  twinning  are  not  uncommon 
Pyrite.  and  sometimes  polysynthetic  twin  lamellaa  are  noted. 

224.  Tetragonal  Syitem. — The  moat  common  method  is  that  where  the 
twinning-plane  is  parallel  to  a  face  of  the  pyramid,  b  (101^.  It  is  ea[>ecially 
characteristic  of  the  species  of  the  rutile  group — viz.,  rutile  and  cassiterite; 

370.  371.  373. 


Tetralietlrlte.  Eutyiile.  Splulerite. 

also  similarly  the  allied  species  zircon.  This  is  illustrated  in  Fig.  373,  and 
again  in  Fig.  374.  Fig.  375  shows  a  repeated  twin  of  rutile,  the  twinning 
according  to  this  law;  the  vertical  axes  of  the  snccesBire  aix  individuals  lie 
in  8  plane,  and  an  inclosed  circle  is  the  result.  Another  repeated  twin  of  rutile 
373.  374.  37B. 


Cass  ite  rite. 


Zircon. 


Rutile. 


according  to  the  same  law  ia  shown  in  Fig.  361;  here  the  Buccesaire  Tertical 
axes  form  a  zigzag  line;  Fig.  37G  shows  an  analogous  twin  of  hauamannite. 

Another  kind  of  twinning,  twinning-plane  parallel  to  a  face  of  the  pyramid 
(30t),  is  shown  in  Fig.  377. 

225.  In  the  pyramidal  group  of  the  same  system  twins  of  the  type  of  Fig. 
378  are  not  rare.  Here  the  vertical  axis,  i,  is  the  twinning-«xu;  aacb  a 
crystal  may  simulate  one  of  the  normal  gronp. 
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HaiumsDnlte.  Rulile.  Scheellte. 

In  chalcopyrite,  of  the  sphenoidal  group,  twioning  with  a  face  of  the  nnit 
pTramid,  /  (111),  as  the  twiuiiing-plane  is  cotnmoD  (Fig.  379).  Ab  the  angles 
differ  bot  a  small  fraction  of  a  degree  from  those  of  a  regular  octahedron,  such 
tirine  often  resemble  closely  spinel-twina.  In  Fig.  380  a  repeated  twin  of  this 
type  has  a  psendo-rbombonearal  aspect.  In  Fig.  381  the  twianing-plane  ia 
e  (101).    Otoer  rarer  kinds  of  twinning  have  also  been  noted. 


Cbnlcopyrlte 
236.  Hexagonal  System. — In  the  hexagonal  division  of  this  system  twins 
are  rare  An  example  is  furnished  by  pyiihotite.  Fig 
382,  where  the  twinning  plane  is  the  pyramid  (lOll),  the 
Tertical  axes  of  the  ludtvidiial  crystals  being  nearly  at 
right  angles  to  each  other  (since  0001  A  lOll  =  45°  8')- 
.  Apparent  cruciform  twins  of  apatite,  of  the  pyramidal 
group,  have  been  noted  in  some  rare  cases.  Here  the 
diagonal  pyramid  s  (llSl)  was  the  plane  which  seemed 
to  be  the  twinning-plane.  These  cases  need  confirma- 
tion. 


Pyirholiie. 
227.  In  the  species  belonging  to  the  trigonal  or  rhombohedral  division. 


twins  are  common.  Thus  the  twinning-axis  may  be  the  vertical  axis,  as  in  the 
contact-twins  of  Figs.  383  and  384,  or  the  penetration-twins  of  Figs.  348,  385. 
Or  the  twinning-plane  maj  be  the  obtuse  rhomhohedron  e  (Oll2),  as  in  Fig. 
386,  the  vertical  axes  Grossing  at  angles  of  137^°  and  52^°;  these  forms  are 
often  cnrionsly  distorted,  as  in  Figs.  387,  388.  Again,  the  twinning-plane  may 
be  r  (lOll),  as  in  Fig.  389,  the  vertical  axes  nearly  at  right  angles  (90j°);  or 
(Oi521).  as  in  Fi^.  390,  the  ases  inclined  533°  and  ]26i".  In  Fig.  391  of 
gmelinite  the  tmnning-plane  ia  the  rhomhohedron  (30.52),  which  corresponds 
m  ADgle  with  ths  common  fnndamental  form  of  the  allied  species  chabazite. 
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Figs.  336-390,  Ciilcfie  Fig.  891,  Omeliuite. 
Ill  the  trapeiohedral  group,  the  species  quartz  shows  Beveral  methods  of 
twiiiniiig.  In  Fig.  392  the  twimiing-plane  is  the  diagonal  pvraniid  S  (ll22), 
the  axes  crossing  at  angles  of  84^°  and  95^°.  In  Fig.  393  the  twinning-axia 
is  i,  the  axes  hence  parallel,  the  individuals  both  right-  or  both  left-handed 
but  uiisym metrical,  r  (1011)  then  parallel  to  and  coinciding  with  i  (0111),  The 
resulting  forms,  as  in  Fig.  393,  are  mostly  penetration-twins,  and  the  parts  are 
often  very  irregularly  united,  as  shown  by  dull  areas  (z)  on  the  plus  rhombo- 
hedrnl  face  (r);  otherwise  these  twins  are  recognized  by  pyro-electrical  phe- 
nomena. In  Fig.  394  the  twiniiiiig-plane  ia  n  (ll50)— the  Brazil  low— the 
inilividuals  respectively  right-  and  left-handed  and  the  twin  symmetrical  with 
reference  to  an  ir-face;  these  are  usually  irregular  penetration-twins;  in  these 
twins  r  and  r,  also  z  and  z,  coincide.  These  twins  often  show,  in  converging 
polarized  light,  the  phenomenon  of  Airy's  spirals.  It  may  be  added  that 
psendo-twiuB  of  quartz  are  common — that  is,  groups  of  crystals  which  tuarly 
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conform  to  some  more  or  less  complex  twinoing  law,  but  where  the  grouping 
is  nevertheless  only  accidental.  See  also  the  remarks  in  Art.  232  about 
Fig.  433. 

3»a.  393.  394.  396. 


Figi.  nS-SH,  Quartz.    Fig.  895,  PlienacKe. 

In  Fig.  396  of  phenMite  (cf.  p.  80  et  aeq.)  the  vertical  axis  ie  obviously  the 
twinning-aiis. 

2S8.  OrthorliomUe  Byttem. — In  the  orthorhombic  system  the  commonest 
method  of  twinning  is  that  where  the  twiuning-plane  is  a  face  of  a  prism  of 


rl^^^^ 


Flgi.  896-898,  Angoollv. 


60°,  or  nearly  60",  Thia  is  well  shown  with  the  apecies  of  tlie  ara^onite  groii  [. 
In  accordance  with  the  principle  stated  in  Art.  220,  the  twinning  after  tint 
law  is  often  repeated,  and  thna  forms  with  peeudo-hexasonal  eymmetry  reeult. 
Fig.  396  shows  a  simple  twin  of  aragonite;  Figs.  397,398  repeated  forms 
eshibiting  the  irregnlarities  on  the  faces  due  to  the  fact  that  the  piismAtin 
angle  is  not  eiactly  W.  Pig.  399,  n-e,  show  further  some  of  the  methods  ot 
composition  which  have  been  noted ;   in   e  the  twinning  is  polysynthctic. 
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With  witherite  (and  bromlite),  apparent  hexagonal  pyramids  (Figs.  400,  401) 
are  common,  but  the  trne  complex  twinning  is  rerealed  in  polarized  light, 
400.  401.  *^  noted  later. 

Twinning  of  the  same  type,  bnt  where  a  dome  of- 
60°  is  twinning-plane,  is  common  with  araenopjrite 
(tw.  pL  e  (101),  S8  showD  in  Fiss.  402, 403 ;  also  Fig.  404 
of  colnmbite,  but  compare  Fig.  347  and  remarks  in 
Art.  217.  Another  example  is  given  in  Fig.  357  of 
alexandrite  (chryaober^rl).  Chrysolite,  manganite, 
humite,  are  other  species  with  which  this  kind  of 
twinning  is  common. 

403.  404. 


Another  common  method  of  twinning  is  that  where  the  twinning  is 
parallel  to  a  face  of  a  prism  of  abont  70^°,  aa  shown  in  Fig.  405.  With  this 
method  symmetrical  fiVelings  not  infrequently  occur  (Figs.  406,  407). 


H&rcuiML  H&rcwlte.  ATWiioi^t& 

The  species  stanroHte  illustrates  three  kinds  of  twinning.    In  Fig.  408  the 

408.  409.  410. 
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twinniDg- plane  is  (033),and  since  (001  A  033)  =  45°  41',  the  crystals  cross  nearly 
4^1  412  ^^  right  angles.     Id  Fig.  409  the  twinnin^- 

plane  is  the  prism  (230).  In  Fig.  4L0  it  is 
the  pyramid  (:i33) ;  the  crystals  tlieu  cross- 
ing at  angles  of  abont  60",  stellate  trillings 
occur  (see  Fig.  359),  and  indeed  more  com- 
plex forms.  In  Fig.  411  there  is  twinning 
according  to  both  ((J33)  and  (1333). 

In  the  hemimorphic  group,  twine  of  the 
t^pe  shown  in  Fig.  412,  with  c  as  the  twin- 
ning-plane,  are  tone  noted. 

229.  Honoclinio  System. — In  the  mono- 
clinic  system,  twins  with  the  vertical  axis  as 
twinning-azis  are  common ;  this  is  illustrated 
I  b?  Pig.  413  of  angite  (pyroiene).  Fig.  414  of  gypsnm,  and  Fig.  415  of  ortho- 
cuse  (we  also  FiK>  352,  p.  120).  With  the  latter  species  these  twins  are  called 
\  Varlabad  iwina  (oecause  common  in  the  trachyte  of  Carlsbad,  Bohemia);  they 
I  may  be  oontact-twins  (Fig.  352),  or  irregular  penetration- twins  (Fig.  415).  In 
I    Fig.  35S  it  is  to  be  noted  that  c  and  x  fall  nearly  in  the  same  plane. 


w 


Augite.  Oypsum. 

In  Fig,  416,  also  of  orthoclase,  the  twinning-plane  is  the  cliuodome  (021), 

and  since  (001  a  021)  =  44"  56i',  this   method  of  twinning  yields  nearly 

eqnare  prisms.     These  twins   are  called   Baveno  twins  (from   a  prominent 

locality  at  Bareno,  Italy) ;  they  are  often  repeated  (Fig.  417).     In  Fig.  418  a 


Manebach  twin  is  ihown;  here  the  twinning-plane  is  c  (001).  Other  rarer 
tyj»«  of  twiDDing  bare  been  noted  with  orthoclase.  Polyeynthetic  twinning 
with  c  (OOl)  M  twianiog-plane  is  common  with  pyroxene  (cf.  Fig.  430,  p.  131). 
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Twins  of  the  arsgonite-chrysoberjl  type,  are  not  nncommoD  with  mono- 
olinic  Bpecies,  having  a  promiDent  60°  prism  (or  dome),  as  in  Fig.  419.  Stellate 
twins  after  this  law  are  common  with  chondrodite  and  clinohnmite.  Ad  anal- 
ogous twin  of  pyroxene  is  shown  in  Fig.  430;  here  the  pyramid  (l32)  is  the 
twinning- plane,  and  since  (010  A  ^22)  =  fi9°  21',  the  crystals  cross  at  angles 
of  nearly  60°;  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  since 
(100  A  ^22)  =  90°  9'.     In  Fig.  421  the  twinning-plane  is  the  orthodome 


Pyraxeae. 


Pjroxene. 


(101).  Phillipsite  and  harmotome  exhibit  multiple  twinning,  and  the  crystals 
often  show  psen do-symmetry.  Fig,  423  shows  a  cruciform  fonrling  with  c  (001) 
as  twinning-plane,  the  twinning  shown  by  the  striations  on  the  side  face. 
This  is  compounded  in  Fig.  423  with  twinning-plane  (Oil),  making  nearly 
sqnare  prisma,  and  this  farther  repeated  with  m  (110)  as  twinning-plane 
yields  the  form  in  Fig.  424,  or  eTen  Fig.  362.  p.  132,  resembling  an  iaometric 
dodecahedron,  each  face  showing  a  fourfold  striation. 


PbUltpsite. 

290.  Tridinie  System. — The  moat  interesting  twins  of  the  triclinic 
system  are  those  shown  by  the  feldspars.  Twinning  with  b  (010)  as  the 
twinning-plane  is  very  common,  especially  polysynthetie  twinning  yielding 
thin  parallel  luniellee,  shown  by  the  etriations  on  the  face  c  (or  the  corresponding 
cleavage-surface),  and  also  clearly  revealed  in  polarized  light.  This  is  known 
as  the  tiBile  laic  (Fig.  425).  Another  important  method  (Fig.  426)  is  that  of 
the  /lericliite  lam;  the  twinning-axis  is  the  crystallographic  axis  J.  Here  the 
twins  are  united  by  a  section  (rhombic  section)  shown  in  the  figure  and  further 
explained  under  the  feldsjuirs.  Polysynthetie  twinning  after  this  law  is  com- 
mon, and  hence  a  cleavage-mass  may  show  two  sets  of  striations,  one  on  the 
snrface  parallel  to  c  (001)  and  the  other  on  that  parallel  to  6  (010).    The 
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ftngle  made  by  these  last  Btriations  with  the  edge  001/010  is  characteristic  of 
the  particular  triclinic  ipeoies,  as  noted  later. 

436.  438.  437. 


LabrtdoriM.  Alblle.  Albite 

TwiDB  of  albite  of  other  rarer  types  aleo  occor,  and  further  twins  similar 
to  the  CarUbad,  Bareno,  and  Hanebach  twina  of  orthoclaee.  Fig.  437  shows 
twinning  according  to  both  the  albite  and  Carlsbad  types. 

BEGULAfi  GROUPING   OK   CRYSTALS. 
231.  Parallel  Qronping. — Connected  with  the  subject  of  twin  crystals  is 
that  of  the  parallel  position  of  associated  crystals  of  the  same  species,  or  of 
diiterent  species. 

CryataU  of  the  same  species  occurring  together  are  very  commonly  in 
parallel  position.  In  this  way  large  crystals,  as  of 
calcite,  quurtz,  fluorite,  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  correspond- 
ing faces  parallel.  This  parallel  grouping  is  often 
seen  in  crystals  as  they  lie  on  the  supporting  rock. 
On  glancing  the  eye  over  a  surface  covered  with 
crystals  a  reflection  from  one  face  will  often  be 
accompanied  by  reflections  from  the  corresponding 
J  face  in  each  of  the  other  crystals,  showing  that  the 
crystals  are  throughout  similar  in  their  positions. 

With  many  species,  complex  crystalline  forms  result 
from  the  growth  of  parallel  partial  crystals  in  the  direc- 
tion of  the  cry E tall ographic  axes,  or  axes  of  symmetry. 
430.  431, 
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Thus  dendritic  forms,  resenibliDg  branching  vegetation,  often  of  great  delicacyi 
are  seen  with  gold,  copper,  argentite,  and  other  species,  especially  those  of  tue 
isometric  system.  This  is  shown  in  Fig.  438  (ideal),  ana  again  in  Fig.  429, 
where  the  twinned  and  flattened  cubes  (of.  Fig.  365,  p.  123)  are  grouped  in 
directions  corresponding  to  the  diagonals  of  an  octahedral  face  which  is  the 
twinning-plane. 

232.  Parallel  Grouping  of  Unlike  Species. — Crystals  of  difl!erent  species  often 
show  the  same  tendency  to  parallelism  in  mutual  position.  This  is  true  most 
frequently  of  species  which  are  more  or  less  closely  similar  in  form  and  com- 
position. Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  some- 
times an  example  of  this;  crystals  of  amphibole  and  pyroxene  (Fig.  430),  of 
zircon  and  xenotime  (Fig.  431),  of  various  kinds  of  mica,  are  also  at  times 
observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes  of 
the  latter.    Crystals  of  calcite  have  been  observed  whose  rhombohedral  faces 


432. 


433. 


had  a  series  of  quartz  crystals  upon  them,  all  in  parallel  position  (Fig.  432); 
somotimes  thriee  such  quartz  crystals,  one  on  each  rhombohedral  face, 
entirely  envelop  the  calcite,  and  unite  with  re-entering  angles  to  form  pseudo- 
twins  (rather  trillings)  of  quartz  after  calcite.  A  similar  occurrence  from 
Specimen  Mountain,  in  the  Yellowstone  Park,  is  shown  in  Fig.  433. 


IRREGULARITIES  OF  CRYSTALS. 

233.  The  laws  of  crystallization,  when  unmodified  by  extrinsic  causes, 
should  produce  forms  of  exact  geometrical  symmetry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
diroctiotis  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
luirdly  be  considered  other  than  an  ideal  perfection.  The  various  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
tu'iual  crystalloirraphic  symmetry,  have  been  discussed  in  Arts.  14  and  18  et 
seq.  Crystals  are  very  orenerally  distorted,  and  often  the  fundamental  forms 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irroirularities  is  required  in  order  to  unravel  their  complexities.  Even  the 
anfflt^s  may  occasionally  varv  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1, 
Variations  of  form  and  dimensions:  2,  Imperfections  of  surfae$;  3,  Fflrna- 
tions  of  angles;  4,  Internal  imperfections  and  impurities. 


IBBBQCLABITIBS  OF  CRYSTALS. 


1.  VAEIATIONS  IN  THE  FORMS  AND  DIMENSIONS 
OF  CRYSTALS. 

834.  Diftortios  in  OeneraL — The  variatiooB  id  the  forms  of  crystale,  or,  in 
other  worda,  their  distortion,  may  be  irregular  iu  churacter,  certain  face* 
being  larger  and  othei-s  emaller  than  in  the  ideal  geometrical  Boiid.  On  the 
other  band,  it  may  be  symmetrical,  giving  to  the  distorted  form  the  symmetry 
of  a  group  or  system  different  fiom  that  to  which  it  actually  belongs.  The 
former  case  is  the  common  rule,  but  the  latter  is  the  more  interesting. 

835.  ImgnUr  Siitortion. — As  stated  above  and  on  p.  11,  all  crystals  show 
to  a  greater  or  less  extent  an  irregular 
or  accidental  yariation  from  the  ideal 
geometrical  form.  This  distortion,  if 
not  accompauied  by  change  in  the  inter- 
fiicial  angles,  has  no  particular  signifi- 
eiince,  ana  does  not  invoWe  any  deviation 
from  the  laws  of  crystallograpliic  aym- 
nietry.  Figs.  434,  435  show  distorted 
crystalsof  quartz;  they  may  be  compared 

Si.     Fig.  436  a  an  ideal  and  Fig.  437  an 

438. 


438  is  a  distorted  crystal  of  apatite,  to 


c  ;taal  crystal  of  lazulite.     So,  too,  F 
je  compared  with  Fig.  216,  p.  73. 

The  correct  fdentlflcallon  of  llic  fortiiB  ou  b  ctys'al  U  renilered  much  more  (tifflcult 
bemuH  of  ifaU  preraillDg  dlatortloD.  eei^eciallv  wlien  It  remlta  In  the  entire  obliltralion  of 
certnlii  fnce*  bj  the  enlargement  of  otliera.  ta  iledpheiiDg  Ihe  [HilorU'd  cryMalliuc  frirma 
b  irniHt  Iw  remembered  that  wLllc  the  appearance  of  ihe  crystals  miiy  be  entirely  alierei), 
the  loterr  >cial  nnclea  remain  Ibe  same  :  moreover,  libe  faces  ore  phyglcally  alike— Ihot  is, 
alike  in  ilc)cre«  of  Tiuter,  in  strlaiiuns.  ami  eo  on.  Thus  the  prismatic  faces  of  quailz  show 
^mosl  always  rhamcterisUc  horizontal  stiiations. 

In  addition  to  the  variations  in  form  which  have  just  been  degcribed,  still 
greater  irregularities  are  due  to  the  fact  that,  in  many  cases,  cr_vst;ila  in  uaturo 
are  attuched  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
of  this  are  only  partially  developed.  Thus  quartz  crystals  are  generally  attached 
by  one  extremity  of  the  prism,  and  hence  have  only  one  set  of  pyrnmidul  faces; 
iierfcctly  formed  crystals,  having  the  double  pyramid  complete,  are  raie, 

836.  SyiUMtrical  Distortion. — The  most  interesting  examples  of  the  sym- 
metricftl  distortion  of  crystalline  forms  are  found  among  crystals  of  the 
iaometric  system.    An  elongation  in  the  direction  of  one  cubic  axis  may  give 
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the  appearance  of  tetragonal  symmetiy,  or  that  in  the  direotion  of  two  cnbio 
axes  of  orthorhombic  symmetry;  while  in  the  direction  of  an  octahedral  axis 
a  lengthening  or  ebortening  gives  rise  to  forme  of  apparent  rhombohedral 
symmetry.     Such  caaea  are  common  with  native  gold,  silver,  and  copper. 

A  eu£«  leDEtbened  or  shorUued  aloDj;  one  axis  becomes  k  rigbt  square  prism,  and  if 
varied  in  the  direction  of  two  axes  Is  chniiged  to  a  rectaii^lar  prism.  Cubes  of  pyriu. 
galena,  fliiorite,  elc.  are  often  thiu  dialorled.  It  Ir  very  unusual  Ui  Bud  a  cubic  ci^tal 
tbiii  is  a  true  symmetrical  cube.  la  some  species  tbe  cube  or  octahedtou  (or  other  Isometric 
form)  Is  leugtliened  into  a  capillary  crystal  or  needle,  as  happens  fo  cuprite  and  pyrite. 


is  reduced  to  a  labular  crystal  resembling  a  rhombohedr>]  crystal  with  bual  plane  <F1g. 
4119).  If  Ungtlwiud  in  the  same  direction,  to  the  obllterBtton  of  the  terminal  octabedml 
faces,  It  becomes  an  scute  rhumbobedron  (cf.  Elg.  440). 


When  an  oclshedro  . .  =    . 

or  Ibat  of  a  rhombic  inlenuis,  it  baa  the  general  form  of  a  rcclangular  oclanedron  ;  and 
still  furiber  extended,  as  In  Fig.  441,  it  Is  cbanged  to  a  rhombic  prism  with  dihedral  sum- 
mits (spinel,  fliiorlte,  magnetite).     Tbe  figure  represenls  [his  prism  lying  on  Its  aciite  edee. 


Tbe  dodieahtdron  lengthened  in  the 
MS. 


Ireciloa  of  a  diagonal  between  tbe  obtuse  s 


angles— that  Is.  tbat  of  a  trigonal  loteraxis — becomes  a  di-slded  prism  with  three-elded  tum- 
mits.  as  In  '¥^e.  443,  If  shoneued  In  tbe  same  direction,  it  becomes  a  ikcrt  prism  of  tbe 
samt:  kind  (E^e.  448).  Both  reaemble  rhombohedtal  forms  and  are  cummon  In  garnet 
(mmpare  Fie.  234.  p.  76,  of  calcite).  When  lengthened  iu  the  direction  of  one  of  the  cubic 
axes  ibe  dodec&hedron  becomes  a  square  prism  with  pyramidal  aumnilta  (Fig.  444).  and 
clinrieut^  nlriDg  the  same  axis  it  is  reduced  to  a  square  octahedron,  with  truncated  basal 
angles  (Fig.  445). 

Tlie  irapexoliedron  elongated  In  the  direction  of  an  octahedral  (trinHial)  a  ' 
rlji>ii)t>ohedral  (trieonnl)  symmetry.    The  resulting  forms  lefened  to  ue  tun 
axes  for  both  (811)  and  (811)  are  ss  follows: 


e  tuoal  bazagonal 


(211) 

(1014) 

911) 

fHIXt 

811) 

(i28a) 

(SII) 

(a« 

(111) 

(lOiO) 

(•II) 

(«ii) 
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For  <3II>  ibe  resnltlDg  fonn  la  first  that  of  Pig.  44«,  &nd  if  still  fartber  leDgUieoed,  to  tbe 
obllieruioo  of  some  of  the  facet,  tt  becomes  a  scAleoohedroD  (Fig  447).  Tliia  bus  be«D 
obaerred  in  fluorile.    Only  twelve  faces  are  here  present  out  of  ibe  tweoty-four.    If  tbe 


elongBtloD  of  this  trapezobedroD  (311)  lakes  place  nlong  a  cubic  axis,  it  becomes  a  double 
dglit-alded  pyramid  wJtb  four-sided  summiiB  (Fig.  448) ;  or  if  these  summit  planes  are 
otilitFnIed  by  a  farther  ezleoaioD,  It  becomes  a  complete  eigbi-sided  double  pyramid 
(Fig.  4«). 


0 


4M. 


4B6. 


-.,. -B  terminal   rhombohedron 

iwao).     The  native  gold  from  the  White  Buil  mine, 
OreguD,   Bometiuies  consists  of  n  slender  string  of 
such  rliombobcdral  crystals,  and  not  infrequently 
there  are  minor  branches  In  the  directlou  of  two  or 
more  of  the  other  ociahedral  axes  (Pigs.  453,  458). 
The  trisociabedron  Is  rare  as  a  prominent  form, 
but  a  curious  example  of  Its  distortion  is  given  in 
FIgB.  4M,  455  of  pyrite  from  French  Creek.  Penn. 
The  form,  apparently  tetragonal  (or  orlborhomhic), 
•hows  only  eight  faces  of  the  trisoctabedron  r(333), 
and  these  are  strongly  rounded;  faces  of  Ibe  pyrito- 
hedron  a  (310)  also  appear  as  a  subordinate  form. 
Hlmllarlj  the  tetrahezahedrou  and  bexoctabedton 
may  allow  dMortloii  of  Uw  mem  klDd.    Further  examples  are  to  be  found  Id  tbe  other 
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2.  IMPERFECTIONS  OF  THE  SURFACES  OF  CRYSTALS. 

237.  StriBtioni  Due  to  Oscillatory  Combinationa. — The  parallel  lines  or 
furrows  on  the  surfaces  of  crjBtals  are  called  strioB  or  sirialione,  and  suck 

surfaces  are  said  to  be  siriaied. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  todinereut 
fnces  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continued 
oscillation  in  the  operation  of  the  causes  tJiat  give  rise,  wlieu  ucting  aniut«r- 
ruptedly,  to  enlarged  faces.  By  this  means,  the  surfaces  of  a  crystal  are 
marked  in  parallel  lines,  with  a  succession  of  narrow  planes  meeting  at  au 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  a  surface  has  been 
termed  oscillatory  combination.  The  horizontal  etriatious  on  prismatic 
crystals  of  quartz  are  examples  of  this  combination,  in  which  the  osciilation 
has  taken  place  between  the  prismatic  and  rhombohedral  faces.  Thus 
crystals  of  quartz  are  often  tapered  to  a  point,  withont  tlie  UBual  pyramidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  pyrite  parallel  to 
the  intersections  of  the  cube  with  the  faces  of  the  pyritoliedron;  also  the 
striations  on  miignetite  due  lo  the  oscillation  between  the  octahedron  and 
dodecahedron.  Prisma  of  tourmaline  are  very  commonly  bounded  vertically 
by  three  convex  surfaces,  owing  to  an  oscillatory  combination  of  the  faces  in 
the  prismatic  zone. 

238.  Striations  Dae  to  Bepeated  Twinning.—The  striations  of  the  basal 
plane  of  albite  and  other  tricliuic  feldspars,  also  of  the  rhombohedral  surfaces 

4BG.  of  some  calcite,  have  been  explained  in  Art.  220  as  due 

to  polysynthetic  twinning.  This  is  illustrated  by 
Fig,  450  of  magnetite  from  Port  Henry,  N,  Y. 
(I&mp.) 

239.  Markings  from  Erosian  and  Other  Cauiei.— 
The  faces  of  crystals  are  not  uncommonly  uneven,  or 
have  the  crystalline  structure  developed  as  a  con- 
sequence of  etching  by  some  chemical  agent.  Cubes 
of  galena  are  often  thus  uneven,  and  crystals  of  lead 
sulphate  (auglestte)  or  lead  carbonate  (cerussite)  are 
sometimes  present  as  evidence  with  regard  to  the 
cause.  Crystals  of  numerous  other  species,  even  of 
Magnetite.  corundum,  spinel,  quartz,  etc.,  sometimes    show    the 

same  result  of  partial  change  over  the  surface^often  the  incipient  stcge  in  a 
process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  investiga- 
tions have  been  made  by  various  authors  on  the  action  of  solvents  on  different 
minerals,  the  actual  structure  of  the  crystals  being  developed  in  this  way. 
This  method  of  etching  is  fully  discussed,  with  i  II  u  strati  one,  in  another  place 
(Art.  266). 

The  markings  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  the  faces  having  the  form  of  low  pyramids  (so-called  vicitial 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crystal,  and 
often  serve  to  show  the  successive  stages  in  its  history.  They  may  be  imper- 
fections arising  from  an  interrupted  or  disturbed  development  of  the  form,  the 
perfectly  smooth  and  even  crystalline  faces  being  the  result  of  completed 
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action  free  from  disturbing  causes.  Examples  of  the  ma.'kiug8  referred  to 
occur  on  the  crystals  of  most  minerals,  and  conspicuously  so  on  the  rhombo- 
hedral  faces  of  quartz. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octithetlrons  of  fluorite 
are  common  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octaliedron.  Sometimes  an  examina- 
tion of  such  a  crystal  shows  that  thougli  the  form  is  apparently  octahedral, 
there  are  no  octahedral  faces  present  at  all.  Other  similar  cases  could  bo 
mentioned. 

Whatever  their  cause,  these  minute  markings  are  often  of  great  importance 
as  revealing  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  must  be  physically  alike — that 
is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  alt  the 
crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uniformity  on 
the  faces  of  quartz  crystals  in  this  respect. 

240,  Cnrred  sorfaces  may  result  from  (n)  oscillatory  combination;  or  (6) 
some  independent  molecular  condition  producing  curvatures  in  the  laminfe  of 
the  crystal;  or  (c)  from  a  mechanical  cause. 

Curved  surfaces  of  thejirst  kind  have  been  already  mentioned  (Art.  237). 
A  singular  curvature  of  this  nature  is  seen  in  Fig.  457,  of  cuicite ;  in  the  lower 
part  traces  of  a  scalenohedral  form  are  apparent  which  was  in  oscillatory  com- 
oination  with  the  prismatic  form. 

Curvatures  of  the  second  kind  sometimes  have  all  the  faces  convex.  This 
ia  the  case  in  cryatals  of  diamond  (Fig.  458),  some  of  which  are  almost 
spheres.  The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is 
less  common  than  that  ia  which  a  convex  surface  is  opposite  and  parallel  to  a 
corresponding  concave  surface.  RhombohcdronB  of  dolomite  and  siderlte  are 
asually  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
flagging-stones  of  pavements  in  winter  are  other  examples.  The  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  similar.  Stibnite  crystals 
sometimes  show  very  remarkable  curved  and  twisted  forms. 


A  third  kind  of  cnirstnre  is  of  mechanical  origin.    Sometimes  crystals 
■ppear  u  if  they  had  been  broken  transversely  into  many  pieces,  a  slight 
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displacement  of  which  has  given  a  curved  form  to  the  prism.  This  is  common 
iti  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  459. 

Crystals  not  infrequently  occur  with  a  deep  pyramidal  depression  occupying 
the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alnm,  and  sulpliur. 
This  is  due  in  part  to  their  rapid  growth. 

3.     VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS. 

241.  The  greater  part  of  the  distortions  described  in  Arts.  235,  236 
occasion  no  change  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furthermore,  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  formed  may  sometimes  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more  or 
less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
Art.  252)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  the 
subsequent  changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  where  a  greater  or  less  variation  in  angle  is  observed  in  the 
crystals  of  the  same  species  from  different  localities,  the  cause  for  this  can 
usually  be  found  in  a  difference  of  chemical  composition.  In  the  case  of 
isomorphous  compounds  it  is  well  known  that  an  exchange  of  corresponding 
chemically  equivalent  elements  may  take  place  without  a  change  of  form, 
though  usually  accompanied  with  a  slight  variation  in  the  fundamental 
angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  418. 

4.    INTERNAL  IMPERFECTIONS  AND   INCLUSIONS. 

242.  The  transparency  of  crystals  is  often  destroyed  hj  disturbed  crystal- 
lization; by  impurities  taken  up  from  the  solution  during  the  prooess  of 
crystallization;  or,  again,  by  the  presence  of  foreign  matter  resulting  from 
partial  chemical  alteration.  The  general  name,  inclusion,  is  given  to  any 
foreign  body  enclosed  within  the  crystal,  whatever  its  origin.  These  inclusions 
are  extremely  common;  they  may  be  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscope. 

Rapid  crystallization  is  a  common  explanation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble);  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  calcite,  crystallisa- 
tion from  a  liquid  largely  charged  with  a  foreign  material,  as  quarts  sand,  mar 
result  in  the  formation  of  crystals  in  which  tne  imparity  makes  up  as  maon 
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Beryllonile. 


as  two-thirds  of  the  whole  mass;  this  is  seen  in  the  famous  Fontainebleau 
limestone,  and  similarly  in  that  from  other  localities. 

243.  Liquid  and  Oat  Inclusions. — Attention  was  early  called  by  Brewster 
to  the  presence  of  fluids  in  cavities  in  certain  minerals,  as  quartz,  topaz,  beryl, 
chrysolite,  etc.  In  later  years  this  subject  has  been  thoroughly  studied  by 
Sorby,  Zirkel,  Vogelsang,  Fischer,  Rosenbusch, 
and  others.  The  nature  of  the  liquid  can  often 
be  determined,  as  by  its  refractive  power,  or  by 
special  physical  test  {e.g,y  determination  of  the 
critical  point  in  the  case  of  CO,),  or  by  chemical 
examination.  In  the  majority  of  cases  the  observed 
liouid  is  simply  water;  but  it  may  be  the  salt 
solution  in  which  the  crystal  was  formed,  and  not 
infrequently,  especially  in  the  case  of  quartz, 
liquid  carbon  dioxide  (CO,),  as  first  proved  by 
Vogelsang.  These  liquid  inclusions  are  marked 
as  such,  m  many  cases,  by  the  presence  in  the 
cavity  of  a  movable  bubble  of  gas.  Occasionally 
cavities  contain  two  liquids,  as  water  and  liquid 
carbon  dioxide,  the  latter  then  inclosing  a  bubble 
of  the  same  substance  as  ^  (cf.  Fig.  460).  Interesting  experiments  can  be 
made  with  sections  showing  such  inclusions  (cf.  literature,  p.  141).  The 
mixture  of  gases  yielded  by  smoky  ouartz,  meteoric  irou,  and  other  sub- 
stances, on  the  application  of  heat,  has  been  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty;  if  they  then  have  a  regular 
form  determined  by  the  crystallization  of  the  species,  they  are  often  called 
negative  cryHtals,  Such  cavities  are  commonly  of  secondary  origin,  us  remarked 
on  a  later  page. 

244.  Solid  Inclusions. — The  solid  inclusions  are  almost  infinite  in  their 
variety.    Sometimes  they  are  large  and  distinct,  and  can  be  referred  to  known 

461.  mineral  species,  as  the  scales  of  gothite  or  hematite,  to 

which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  in  many 
minerals,appearing,  for  example,  in  thePennsbury  mica; 
quartz  is  also  often  meclianically  mixed,  as  in  staurolite 
and  gmelinite.  On  the  other  hand,  quartz  crystals 
very  commonly  inclose  foreign  material,  such  as  chlorite, 
tourmaline,  rutile,  hematite,  asbestus,  and  many  other 
minerals.     (Cf.  also  Arts.  245,  246.) 

An  iiiterestiDg  example  of  llie  inclosure  of  one  miueral  by 
another  is  afforded  by  the  ADiiexid  figures  of  tourmaline  eovelop- 
ing  orthoclnsc*  Fig.  461  shows  the  crystal  of  tourmnline  ;  and 
cross  sectious  of  it  at  the  points  indicated  (a,  b,  e)  are  given  by 
Figs.  462.  468.  464.  The  latter  show  that  the  feldspar  increases 
iu  amonnt  in  the  lower  part  of  the  crystal,  the  tounnnline  being 
merelya  thin  shell.  Similar  specimens  from  the  siime  locality 
(Port  Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  necessary 
connection  between  the  position  of  the  toiirnndine  and  that  of 
the  feldspar. 

Similar  occurrences  are  those  of  tnipezohcdrons  of  garnet, 
wbfln  the  latter  is  a  mere  shell,  inclosing  calcite,  or  sometimes  cpidote  or  quartz  (Fig.  472). 


•B.  H.  Williams,  Am.  J.  Sc,  11,  273,  1876. 


CRYSTALLOaitAPBT. 


M2. 


The  inctusione  may  consist  of  a  heterogeneotia  maae  of  material;  aa  the 
grauitic  matter  seea  in  orthoclase  crystals  in  a  porpliyritic  granite;  or  the 
teldspar,  quartz,  etc.,  sometimes  inclosed  in  larj^e  coarse  crystals  of  beryl  or 
spodumeiie,  occurring  in  granite  veins. 

245.  Hicrolites,  CryttalliteB. — The  microscopic  crystals  observed  as  incln- 
sions  may  sometimes  be  referred  to  known  species,  but  more  generally  their 
true  nature  is  doubtfnl.  The  term  microlites,  proposed  by  Vogelsang,  is  often 
nsed  to  designate  tlie  minnte  inclose<I  crystals;  tliey  are  generally  of  needle- 
like form,  sometimes  quite  irregular,  and  often  very  remarkable  in  their 
arrangement  and  groupings;  some  of  them  are  exhibited  in  Fig.  470  and  Fig. 
471,  aa  explained  below.  Where  the  minute  individuals  belong  to  known 
species  they  are  called,  for  example,  feldspar  microlites,  etc. 

CrfistaUites  is  an  analogous  term  used  by  Vogelsang  to  cover  those  minute 
forms  which  have  not  the  regular  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorpLous  matter  and  true  crystals.    Some  of 


467. 
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the  forms  are  shown  in  Figs,  4GD-4C9;  they  are  often  observed  in  glassy  vol- 
canic rocks,  and  also  in  furniLcc- slags.  A  series  of  names  has  been  given  to 
varieties  of  crystallites,  such  as  globnlitea,  margarites,  etc.  Trichite  and 
belonite  are  mimes  introduced  by  Zirksl;  the  former  name  is  lierived  from 
dpif,,  hair;  trichites,  like  that  in  Fig.  4C9,  are  common  in  obsidian. 

The  microscopic  inclusions  may  also  be  of  an  irregular  glassy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  from  a  molten  mass,  as 
lava  or  the  s!;ig  of  an  iron  fnrnace. 

246.  Symmetrically  Arranged  Inclnaioiu.— In  general,  while  the  solid 
inclusions  sometimes  occur  qnite  irregularly  in  the  crystals,  they  are  more 
generally  arranged  with  some  evident  reference  to  the  symmetry  of  the  form, 
or  external  faces  of  the  crystals.    Examples  of  this  are  shown  Id  the  Icdlowing 
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fif^rM.    Fig.  470  exhibits  a  crTst&l  of  angite,  inclosing  magnetite,  felds]>ar 
and  nephelite  tnicrolites,  etc     Fig.  471  shows  a  crystafof  leucite,  a  species 


whose  crystals  very  commonly  inclose  foreign  matter.    Fig.  472  shows  a  section 
of  a  crystal  of  garnet,  containing  quartz. 


Aiidiilusite. 

Another  striking  example  is  afforded  by  andahisite  (Fig.  473),  in  which  the 
inclosed  carbonaceous  impurities  are  of  cousi'.lerable  extent  and  remarlcably 
arranged,  so  as  to  yield  symmetrical  figures  of  various  forms.  Staurolite 
occasionally  shows    analogous    carbonuceouB    impurities  474. 

symmetricallydistributed. 

The  magnetite  common  as  an  inclusion  in  mnscovite,  ft.  /f-roS — ^T^ 

alluded  to  aboTe,isaIways  symmetrically  disposed, Hsually  ^RVW'^/fV 
parallel  to  the  directions  of  tne  percussion-figure  {Fig.  477,  ^  s^^'^jjy^ 
p.l49).  The  asterism  of  phlogopite  is  explained  by  the  pres-  ^^^VgoV 
ence  of  symmetrically  arranged  inclusions  (cf.  Art,  842).  .  C^  /^_^^ 
Fig.  474  iliowi  an  interesiiiiK  cose  of  ayiiimetricn.lly  anaiiged  i  ^^ j^^^B 
iDctiidoDxlue  to  cliemtcal  Hltt^rntlon.  The  orlgioal  niiuiTnl,  spodii-  j^^  Qii^^l^ 
meae,  from  Bmiichvllle,  Conu.,  has  beeu  altered  I0  n  siibainnce  ^==^^ Ofg^^g* 
apparently  bomogeoeiius  [o  Ihe  eye.  but  fniind  under  tbe  microscope  f^^  ^  ^T^ 
to  linve  tbe  Btnicliire  ahowti  in  Fif;.  474.  Cliemical  nnaiyaia  proves  I^^O  (7  M^T 
the  base  to  tte  albile  and  r)ie  lucloaed  bcxagotial  luloeriil  to  be  a 

llibfuro  dlicate  (LlAlSiOi)  called  ciicTyptiie.    It  liaa  uot  yet  been  idenlifled  except  Id  tills 
form. 
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CRYSTALLINE  AGGREGATES. 

247.  The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  internally 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  crystalline  grains. 
Under  the  above  head,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individuals  composing  imperfectly  crystallized  individuals  may  be: 

1.  Columns,  or  fibers,  in  which  case  the  structure  is  columnar  or  fibrous, 

2.  Tliin  laminm,  producing  a  lamellar  structure. 

3.  Graitrs,  constituting  a  granular  structure. 

248.  Columnar  and  Fibrous  Structure. — A  mineral  possesses  a  columnar 
structure  when  it  is  made  up  of  slender  columns,  as  some  amphibole.  When 
the  individuals  are  flattened  like  a  knife-blade,  as  in  cyanite,  the  structure  is 
said  to  be  bladed. 

The  structure  again  is  called /^roM5  when  the  mineral  is  made  up  of  fibers, 
as  in  asbestus,  also  the  satin-spar  variety  of  gypsum.  The  fibers  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.     Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure: 

lieticnlated :  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Sffllfffcfl :  when  they  radiate  fron  a  center  in  all  directions  and  produce 
star-like  forms.     Ex.  stilbite,  wavellite. 

Uadiated^  divergent:  when  the  crystals  radiate  from  a  center  without 
prodiuMug  stellar  forms.     Ex.  quartz,  stibnite. 

249.  Lamellar  Structure. — The  structure  of  a  mineral  is  lamellar  when  it 
consists  of  plates  or  leaves.  The  laminje  may  be  curved  or  straight,  and  thus 
give  rise  to  the  curved  lamellar  and  straight  lamellar  structure.  Ex.  wolhis- 
tonito  nabnlar  spar),  some  varieties  of  gypsum,  talc,  etc.  If  the  plates  are 
approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
coureutriv.  When  the  laminae  are  thin  and  separable,  the  structure  is  said  to 
bo  foliaceons  or  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous  is 
often  used  to  describe  this  kind  of  structure. 
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250.  Granular  Stractnre. — The  particles  in  a  granular  structure  differ  much 
in  size.  When  coarse,  the  mineral  is  described  as  coarse-granular;  when  fine, 
fine-grafiiilar;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  obseryed  in  granular  crystal- 
line limestone,  sometimes  called  saccharoidal ;  of  the  second,  in  some  varieties 
of  hematite ;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  perfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phanero-crys- 
talline  has  tieen  used  for  varieties  in  which  the  grains  are  distinct,  and  crypto^ 
crystalline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  proved  by  the  microscope. 

Granular  minerals,  when  easily  crumbled  in  tne  fingers,  are  said  to  be 
friable. 

251.  Imitatiye  Shapes.  —  The  following  are  important  terms  used  in 
describing  the  imitative  forms  of  massive  minerals. 

Renijorm:  kidney-shaped.  The  structure  may  be  radiating  or  concentric. 
Ex.  hematite. 

Botryoidal :  consisting^of  a  group  of  rounded  prominences.  The  name  is 
derived  from  the  Greek  porpvs^  a  btmch  of  grapes.  Ex.  limonite,  chalcedony, 
prehnite. 

Mammillary  :  resembling  the  botryoidal,  but  composed  of  larger  prominen- 
ces.    Ex.  malachite. 

Globular:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibers  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  impla^ited  globules. 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  sub-globular  nodules. 

Coralloidal :  like  coral,  or  consisting  of  interlaced  flexuous  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  cdWe^flosferri. 

Dendritic:  branching  tree-like,  as  in  crystallized  gold.  The  term  den- 
drites is  used  for  similar  forms  even  when  not  crvstalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
**  moss-agates.'' 

Mossy :  like  moss  in  form  or  appearance. 

Filiform  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

Acicular:  slender  and  rigid,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net-like.     See  Art.  248. 

Drnsy :  closely  covered  with  minute  implanted  crystals.     Ex.  quartz. 

Stahiciitic:  when  the  mineral  occurs  in  pendent  columns,  cylinders,  or 
e]ongate<l  cones.  Stalactites  are  produced  by  the  percolation  of  water,  holding 
mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evapora- 
tion of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually 
forms  a  long  pendent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibers  radiating  from 
the  central  column,  orthere  may  be  a  broad  cross-cleavage.  The  most  familiar 
example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite,  limonite, 
and  some  other  species,  also  present  stalactitic  forms. 

The  term  atnarphaus  is  used  when  a  mineral  has  not  only  no  crystalline 
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form  or  imitative  shape,  bat  does  not  polarize  the  light  eyen  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystaUine  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly-like^ 
from  the  Greek  KoWa  (see  p.  6),  for  glue.  The  word  amorphous  is  from  a 
privative^  and  ^6p<l>Tf,  shape. 


252.  Fsendomorphous  Crystals. — Every  mineral  species  has,  when  distinctly 
crystallized,  a  definite  and  characteristic  form.  Occasionally,  however,  crystals 
are  found  that  have  the  form,  both  as  to  angles  and  general  habit,  of  a  certain 
species,  and  yet  differ  from  it  entirely  in  chemical  composition.  Moreover,  it 
is  often  noted  in  such  cases  that,  though  in  outward  form  complete  crystals, 
in  internal  structure  they  are  granular,  or  waxy,  and  have  no  regular  cleavage. 
Even  if  they  are  crystalline  in  structure  the  optical  characters  do  not  conform 
to  those  required  by  the  symmetry  of  the  faces. 

Such  crystals  are  called  pseudomorphs,  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof,  that  the  original  mineral  has 
been  changed  into  the  new  compound ;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  by  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorph  after  the  original  mineral. 

Common  illustrations  of  pseudomorphous  crystals  are  afforded  by  malachite 
in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the  form  of 
quartz,  eta  This  subject  is  further  discussed  in  the  chapter  oa  Chemical 
Mineralogy. 


PAET  11.  PHYSICAL  MINERALOGY. 


253.  The  physical  characters  of  minerals  fall  under  the  following 
heads: 

I.  Characters  depending  upon  Cohesion  and  Elasticity — viz.,  cleavage, 
fracture,  tenacity,  hardness,  elasticity,  etc. 

II.  Specific  Gravity,  or  the  Density  compared  with  tliat  of  water. 

III.  Characters  depending  upon  Light — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat— y'lz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depending  upon  Electricity  and  Magnetism. 

VI.  Characters  depending  upon  the  action  of  the  senses — viz.,  taste, 
odor,  feel. 

254.  (General  Relation  of  Physical  Characters  to  Molecular  Structure. — It 
has  been  stated  on  pp.  5,  6  that  the  geometrical  form  of  a  crystallized  min- 
eral is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structure,  however,  can  onlv  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  the 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
aggregation.  The  first  of  these  points  is  illustrated  by  the  high  specific 
gravity  of  compounds  of  lead;  the  second,  by  the  distinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  with  a  specific 
gravity  of  only  2. 

All  the  other  characters  (except  the  relatively  unimportant  ones  of  Class 
VI)  in  general  vary  according  to  the  direction  in  the  crystal ;  in  other  words, 
they  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystallographically  identical  have  like  physical  characters. 

In  regard  to  the  converse  proposition — viz.,  that  in  all  directions  crystal- 

lographicaUy  dissimilar  there  may  be  a  variation  in  the  physical  characters,  an 

important  aistinction  is  to  be  made.      This  proposition  holds  true  for  all 

crystals,  so  far  as  the  characters  of  Class  I  are  concerned  :  that  is,  those 
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depending  upon  the  cohesion  and  elasticity,  as  shown  in  the  cleavage,  hard* 
ness,  the  planes  of  molecular  gliding,  the  etching-tigures,  etc.  It  is  also  true 
in  the  case  of  pyro-electricity  and  piezo-electricity. 

It  does  not  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
change  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 

Thus,  although  it  will  be  shown  that  the  optical  characters  of  crystals  are 
in  a^eemeut  in  general  with  the  symmetry  of  their  form,  they  do  not  show 
all  the  variations  in  this  symmetry.  It  is  true,  for  example,  that  all  directions 
are  optically  similar  in  a  crystal  belonging  to  any  group  under  the  isometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  as  ma^  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  right 
angles  to  the  vertical  axis  are  optically  similar;  but  this  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


I.  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY. 

255.  Cohesion,  Elasticity. — The  name  cohesion  is  given  to  the  force  of 
attraction  existing  between  the  molecules  of  one  and  the  same  body,  in  con- 
sequence of  which  they  offer  resistance  to  any  influence  tending  to  separate 
them,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gliding- planes,  percussion-figures  or  pressure- figures,  and  the  etching-figures. 

256.  Cleavage. — Cleavage  is  the  tendency  of  a  crvstallized  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  value  of  cohesion  in  the  direction  of  easy 
fracture — that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel  to 
the  cubic  faces  of  a  crystal  of  galena  is  a  familiar  illustration.  An  amorphous 
body  (p  6)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage-plane  must  be  a  direction  in  which  the  molecules 
are  closely  aggregated  together;  while  normal  to  this  the  distance  between 
successive  layers  of  molecules  must  be  relatively  large,  and  hence  this  last  is 
the  direction  of  easy  separation.  It  further  follows  that  cleavage  can  exist 
only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this  must  be 
one  of  the  common  fundamental  forms.  Hence  in  cases  where  the  choice  in 
the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of  cleavage  is 
properly  regarded  as  showing  which  planes  snould  be  made  fundamental. 
Still  again,  cleavage  is  the  same  in  all  directions  in  a  crystal  which  are 
orystallographically  identical. 
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CleaT8ge  is  defined,  (1)  accordiDg  to  its  direction,  as  cubic,  octahedral, 
rhomboheidral,  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
h^  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lastrons  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
spoken  of  as  distinct,  indistinct  or  imperfect,  interrupted,  in  traces,  difficult. 
These  terms  are  sufficiently  intelligible  without  further  explanation.  It  may 
be  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  some 
of  its  varieties  than  in  others. 

867.  ClttAvagt  in  tha  DUTereiit  Syitami.— (1)  lu  the  isometric  ststem,  cleavage  is  cubic, 
when  pnrnllel  to  the  fuces  of  the  cube;  this  is  the  common  case,  as  illusti-ated  by  galena 
and  halite.  It  is  also  often  octahedral— iXwX  is,  parallel  to  the  octahedrul  faces,  as  with 
fluorite  and  the  diamond.  Less  frequently  it  is  dodecahedral,  ur  parallel  to  the  faces  of  the 
rhombic  dodecahedron,  as  with  sphalerite. 

In  the  TETRAGONAL  STSTEM,  cleavage  is  often  hoMol,  or  parallel  lo  the  basal  plane,  as 
with  apophyllite:  9\90 prumaiie,  or  parallel  to  one  (or  both)  of  the  square  prisms,  us  with 
nitile  and  wemerite;  less  frequently  it  is  pyramidal,  or  parallel  to  the  faces  of  the  square 
pyramid,  as  with  scheelite. 

In  the  HEXAGONAL  BTBTEM,  clcavage  is  usually  either  basal,  as  with  beryl,  or  prismatic, 
parallel  to  one  of  the  sizsided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyromorphite,  is  rare  and  imperfect. 

In  the  RHOMBOHBDRAL  DIVISION,  besides  the  basal  and  prismatic  cleavages,  rhambo- 
kedral  cleavaffe,  parallel  to  the  faces  of  a  rhombobedrou,  is  also  common,  as  with  calcite 
and  the  allleaspecics. 

In  the  ORTHORHoMBic  BTBTEM,  cleavage  parallel  to  one  or  more  of  the  piuacoids  is 
common.  Thus  it  is  6aM/ with  topaz,  and  in  all  three  pinacoidal  directions  with  anhydrite. 
Prismatic  cleavage  Is  also  common,  as  with  barite;  in  this  case  the  arbitrary  position 
anumed  In  describing  the  crystal  may  make  this  cleavage  parallel  to  a  **  horizontal 
prism,"  or  dome. 

In  the  MONOCLiNic  btbtem.  clinodiagonal  cleavage,  parallel  to  the  clinopinacoid,  is 
common,  as  with  orthoclase.  gypsum,  heulaiulite  and  eucliise ;  also  basal,  as  with  the 
micas  and  orthoclase.  or  parallelto  the  orthopinacoid;  also  prismatic,  as  with  amphibole. 
Less  frequently  cleavage  is  parallel  to  a  hem i- pyramid,  as  with  gypsum. 

In  the  TRICLINIC  btbtem,  it  is  usual  and  proper  to  so  select  the  fundamental  form  as  to 
make  the  cleavage  directions  correspond  with  the  pinacoids. 

MS.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
sharp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  usually  conspicuously 
free  from  cleavage,  but  aouartz  crystnl  heated  and  plunged  into  cold  water  often  shows 
planes  of  separation*  parallel  to  both  the  -f-  and  -  rhombohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  great  distinctness  in 
thin  sections,  made  by  grinding,  while  not  so  readily  noted  in  laree  crystals. 

When  the  cleavage  is  parallel  to  a  closed  form— that  is.  when  it  is  cubic,  ootnhedral. 
dodecnbedral,  or  rhombobedral  (also  pyramidal  in  the  tetragonal,  hexagonal  and  orihol 
rhombic  systems)— a  solid  resembling  a  crystal  may  often  be  broken  out  from  a  single 
crystalline  individual,  and  all  the  fra«jmente  have  the  same  angles.  It  is.  in  genenil.  easv 
to  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluorite, '  from  a  true 
crystal  by  the  splintery  character  of  the  faces  of  the  former. 

869.  Cltavaga  aad  Lastar.— The  face  of  a  crystiil  pnrnllel  to  which  there  is  perfect 
cleavaire  often  shows  a  pearly  luster  (see  p.  189).  due  to  the  parti  il  sepamtion  of  the 
CTj'stal  into  narallel  plateB.  This  is  illustrated  by  the  bnsal  plane  of  apophvllite.  the 
cluiopinacoid  of  stilbite  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen. 
as  with  cilcite,  when  the  separation  has  been  sufficient  to  produce  the  prismatic  colors  by 
ioterfereuce. 

260.  Oliding-phuLei.— Closely  related  to  the  cleavage  directions  in  their 
connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  gliditig- 

•Lehmann  (Zb.  KrjBt.  11,  e08,  1886)  and  Judd  (Min.  Mag.,  8.  7,  1888)  reenrd  these 
ts  gliding^planes  (see  Art  MO).  *         /     e 
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476. 


Biotite. 


planes,*  or  directions  parallel  to  which  a  slipping  of  the  molecnles  may  take 

place  under  the  application  of  mechanical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  separation  into  layers  in 

the  given  direction,  or,  on  the  other  hand,  and  more  commonly,  there  may  be 

a  revolution  of  the  molecules  into  a  new  twinning- 
position,  so  that  secondary  twinning-lamellm  are 
formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  sub- 
jected to  gradual  pressure  in  the  direction  of  a  dodec- 
ahedral  face,  a  plane  of  separation  is  developed  normal 
to  this  and  hence  in  the  direction  of  another  face  of 
the  same  form.  There  are  six  such  directions  of 
molecular  slipping  and  separation  in  a  crystal  of  this 
substance.  Certain  kinds  of  mica  of  the  biotite  class 
often  show  pseudo-crystalline  faces,  which  are  undoubt- 
edly secondary  in  origin — that  is,  have  been  developed 

by  pressure  exerted  subsequently  to  the  growth  of  the  crystal  (cf.  Fig.  475). 

In  stibuite,  the  base,  c  (001),  Doriual  to  the  pluue  of  perfect  cleavage,  is  a  glidiDg-plaoe. 
Thus  a  slippiug  of  the  molecules  without  their  separation  may  be  mnde  to  take  place  by 
pressure  in  a  plaue  (|c)  uormal  to  the  direction  of  perfect  cleavage  (|6).  A  slender  pris- 
matic crystal  supported  near  the  ends  and  pressed  downward  by  a  dull  eilge  is  readily  bent, 
or  kuicked,  in  this  direction  without  the  parts  beyond  the  support  being  affected. 

261.  Secondary  Twinning. — The  other  case  mentioned  in  the  preceding 
article,  where  molecular  slipping  is  accompanied  by  a  half-revolution  (180°)  of 
the  molecules  into  a  new  twinning-position  (see  p.  118  et  seq)y'\^  well  illustrated 
by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  formation  of 
a  number  of  thin  lamellae  in  twinning-position  to  the  parent  mass,  the 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e  (Oll2).  Secondary 
twinning-lamellaB  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-lamellae  may  also  be  produced  (and  are  often  noted  in 
nature)  in  the  case  of  the  triclinic  feldspars,  pyroxene,  barite,  etc.  A  secondary 
lamellar  structure  in  quartz  has  l)een  observed  by  Judd,  in  which  the  lamellae 
consisted  of  right-handed  and  left-handed  portions. 

By  the  proper  means  a  complete  calcite  twin  may  be  artificially  produced  by  pressure. 
Tims,  if  a  cleavage-fracrment  of  prismatic  form.  say6-Smm.  in  length 
and  8-6  mm.  in  breadth,  be  placed  with  the  obtuse  edge  on  a  firm 
horizontal  support,  and  pressed  by  the  blade  of  an  ordinary  table- 
knife  on  the  other  obtuse  edge  (at  a.  Fig.  470).  the  resnU.  is  that  the 
portion  of  the  crystal  lying  between  a  and  h  is  n'versed  in  p'^sition. 
as  if  twinned  parallel  to  the  horizontal  plane  (0112).  If  skillfully 
done,  the  twinning  surface,  gee,  is  perfectly  smooth,  and  the  re- 
entmnt  angle  corresponds  exactly  with  that  required  by  theory. 

262.  Parting. — The  secondary  twinning- pianos  described 
are  often  directions  of  an  easy  separation — conveniently  called  parting — which 
may  ho  niistakon  for  oloava<ro.f  The  basal  parting:  of  pyroxene  is  a  common 
oxjunple  of  such  psoudo-cloavnge;  it  was  Ions:  mistaken  for  cleavage.  The 
basal  and  rhoinbohedral  (loTl)  and  the  less  distinct  prismatic  (ll20)  parting 

♦  From  the  German,  GleitfifleJten. 

f  The  lamellar  structuie  of  a  massive  mineral,  without  twinning,  may  also  be  the  cauae 
of  a  fracture  which  can  be  mistaken  for  cleavage. 
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of  coruDdnm;  the  octahedral  parting  of  magnetite  (cf.  Fig.  456^  p.  136)^  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  is^  on  the  surface  of  a  twinuing- 
lamella — while  the  cleavage  may  take  place  in  any  plane  having  the  given 
direction. 

263.  PeronMion-fignres. — Immediately  connected  with  the  gliding>planes 
are  the  figures — osW^A  percussion-figures* — produced  upon  a  crystal  section 
by  a  blow  or  pressure  with  a  suitable  point.  In  such  cases^  the  method 
described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallographic  direction  of  the  surface.  477. 

Thus  upon  the  cubic  face  of  a  crystal  of  halite  a  four- 
rayed,  star-shaped  figure  is  produced  with  arms  parallel 
to  the  diagonals — that  is,  parallel  to  the  dodecahedral 
faces.    On  an  octahedral  face  a  three-rayed  star  is  obtained. 

The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  as  remarked  later,  they  form 
a  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystalline  outlines.  The  figure  (Fig.  477)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (^),  the  others  approximately  parallel  to 
the  intersection  edges  of  the  prism  (m)  and  base  (c).f 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  pressure-figure  (Germ.  Vruckfidche). 

864.  SolntioB-planM. — Id  the  case  of  many  crystals,  it  is  possible  to  prove  the  existence 
of  cert-iiu  directions,  or  structure- planes,  in  which  chemical  action  takes  place  most  readily — 
for  example,  wlien  a  crystal  is  under  great  pressure.  These  directions  of  cliemical  weakness 
have  been  call^  tolutton-planes.  They  often  manifest  tlieuiselves  by  the  presence  of  a 
multitude  of  oriented  cavities  of  crystalline  outline  (so-called  negative  crystals)  in  the  given 
direction. 

These  solution-planes  in  certain  cases,  as  shown  by  Judd,  are  the  same  as  the  directions 
of  secondary  lamellar  twinning,  as  is  illustrated  by  calcite.  Connected  with  this  is  the 
gehUleruatian  (see  Art.  848)  observed  In  certain  minerals  in  rocks  (as  diallage,  schiller- 
spar). 

265.  Etching-figures. — Intimately  connected  with  the  general  subjects  here 
considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  produced  by 
etching  on  crystalline  faces  ;  these  are  often  called  etcIiing-figurea.X  This 
method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealing  the  molecular  structure  of  the  crystal  faces  under 
examination,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  cases, 
more  generally  the  ordinary  mineral  acids,  or  onustic  alkalies,  also  by  steam  at 
r  hijrh  pressure  and  hydrofluoric  acid ;  the  last  is  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     The  figures  produced  are  in 


♦  From  the  (German,  SehUigfiguren.  The  percussion- figures  are  best  obtained  if  the 
crystal  plate  under  investigation  be  supported  upon  a  hard  cushion  and  a  blow  b<*  struck 
with  a  light  hammer  upon  a  steel  rod  the  slightly  rounded  point  of  which  is  held  lirmly 
Ainilnst  the  surface. 

f  Cf.  Walker,  Am.  J.  8c ,  2,  5,  1896,  and  G.  Friedel.  Bull.  Soc.  Min.,  19.  18,  18%. 
Walker  found  the  angle  opposite  h  (010)  {x  in  Fig.  477)  to  be  53"  to  66'  for  muscovite,  59* 
(or  lepidolite,  60'  for  biotite.  and  61*  to  63**  for  phlogopite. 

X  From  the  German,  A$Ufiguren, 


i-I^^         graphic 
"^^a.       iar  face 
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the  majority  of  caseB  angnlar  deprcBsionB,  sach  aa  low  triangular  or  qaadri- 
laterai  pyramids,  whose  outlines  may  run  parallel  to  some  of  the  crystalline 
478,  479,  edges.    In  some  cases  the  planes  produced 

can  be  referred  to  occurring  crystallo- 
^'bic  faces.  They  appear  alike  on  aimi- 
iar  faces  of  crystals,  and  hence  serve  to 
diatingnish  difterent  forms,  perhaps  ia 
appearance  identical,  as  the  two  sets  of 
faces  in  the  ordinary  double  pyramid  of 
quartz;  so,  too,  they  reveal  the  compound 
twinning-structure  common  on  some 
crystals,  as  quartz  and  aragooite.  Further, 
their  form  in  general  corresponds  to  the 
symmetry  of  the  group  to  which  the  given 
crystal  belongs.  They  thus  reveal  the 
huniled  crystal,  trapzohedral  symmetry  of  (Quartz  and  the 
difference  between  a  right-handed  and  left-handed  crystal  (Figs.  478,  479); 
the  distinction  between  calcite  and  dolomite  (Figs.  482,  483);  the  distinctive 
character  of  apatite,  pyromorphite,  etc  ;  the  hemimorphic  symmetrv  of  caJa- 
mine  and  nephelite  (cf.  Fig.  220,  p.  73),  etc. ;  they  also  prove  by  their  form 
the  monoclinic  crystallization  of  muBcovite  and  other  micas  (Fig.  481). 
Fie.  480  shows  the  etclilns-fisures  formed  o 


Quartz,  left- 


Tbe  sliape  of  tlie  etcliinE-figures  may  vary  with  the  same  cnstal  with  the  natura  of  the 
•olveut  employed,  Ibough  their  symmetry  remaius  coaitnut.  For  example.  Fig.  484  sbowi 
the  figures  obtained  whb  spaagallte  by  the  action  of  sulphuric  acid,  Fig.  485  by  the  nme 
diluted,  and  Fig.  480  by  hydrochloric  acid  of  differeoi  d^reea  of  concentiatton. 

Of  the  same  nature  as  the  etching-figures  artificially  prodaced,  ia  tiwir 
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ralatioD  to  the  symmetry  of  the  crystal,  are  the  markiDgs  often  observed  on 

the  natorml  faces  of  crystals. 

These    are    sometimes    sec- 
ondary, caused  by  a  natural 

etching  process,  but  are  more 

often  an  irregularity  in  the 

ciystalline    development    of 

the   crystal.      The    inverted 

triangular  depressions  often 

Been  on  the  octahedral  faces 

of  diamond  crystals  are  an 

example.     Fig.    487    shows 

Dstaral  depressions,  rhombo- 

bedral  in  character,  observed  on  corandnm  crystals  from  Montann  (Pratt). 
Fig.  488  shows  a  twin  crystal  of  fluorife  with  natural  etching-fiffures  (Pirsson); 
Lhe«e  are  minnte  pyramidal  depressions  whose  sides  are  parallel  to  the  faces 
of  the  trapesohedron  (311). 

266.  Corxonon  Foims, — If  the  etching  process  spoken  of  in  the  preceding 
I  irticle — whether  natural  or  artificial — is  continued,  the  result  may  be  to 
destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
multitude  of  minnte  elevations,  more  or  less  distinct;  or,  further,  new  faces 
may  be  developed,  the  crystal  lographic  position  of  which  can  often  be 
determined,  though  the  symbols  may  be  complex^  This  is  illustrated  by 
Fig.  489  of  beryl;  here  t  is  the  berylloid  (3624-60-5).  The  mere  loss  of 
water  in  some  cases  produces  certain  corrosive  forms  (see  Pape,  literature). 

PenflelH  wibjeclad  a  sphere  of  qnsrU  (from  a  sfrnple  rig  lit  linn  tied  indlrfdual)  [o  tbe 
praloogied  actiou  of  hydrofluoric  acid.  It  wna  found  Ibnt  it  was  stiacked  rapidly  in  the 
dlreclioii  of  the  vertical  siii,  but  bnraly  at  nil  at  tbe  +  extremities  of  Ihe  sues.  pigs.  490, 
111  show  the  fonn    remalDlug  after  tbe   ^bere  nnd  been    etched  for  seven  weeks; 


Fig.  490  U  ft  basal  view;  Fig.  481,  a  front  view;  tbe  circle  sbows  the  original  form  of 
ttie  ^bere.  tbe  dotted  hexagon  tbe  poatliou  of  the  aies.  Compare  also  the  results  of 
Heyer  on  caJcite  (see  literature,  p.  IBS). 

267.  Fraotnr*.— The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  cleavage  in 
crystallized  minenuB,  and  in  any  direction  in  massive  minerals.     When  the 
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cleavage  is  highly  perfect  in  seyeral  directions,  as  the  rhombohedral  cleavage 
of  calcite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as: 

(a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities^  more  or 
less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  small- 
conchoidal ;  if  only  partially  distinct,  it  is  aubconchoidal. 

(h)  Even;  when  the  surface  of  fmcture,  though  rough  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)  Uneven  ;  when  the  surface  is  rough  and  entirely  irregular;  this  is  true 
of  most  minerals. 

(d)  Hackly;  wlien  the  elevations  are  sharp  or  jagged ;  broken  iron. 
Other  terms  also  employed  are  earthy^  splintery ,  etc. 

268.  Hardness. — The  hardness  of  a  mineral  is  measured  by  the  resistance 
which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  is 
determined  by  observing  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
by  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mohs.*    It  is  as  follows: 

1.  Talc.  6.  Orthoclase. 

2.  Gypsum,  7.  Quartz. 

3.  Calcife.  8.  Topaz. 

4.  Fluorite.  9.  Sapphire. 

5.  Apatite.  10.  Diamond. 

Crystalline  varieties  with  smooth  surfaces  should  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  hardness  is  said  to  be  3;  if  less  easily  than  calcite  and  more  so 
than  fiiiorite  its  hardness  is  3  5.  In  the  latter  case  the  mineral  in  question 
would  be  scratched  by  fluorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals  exactness  is 
quite  unnecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  greasy  feel  to  the  hand; 
those  of  grade  2  are  easily  scratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife  ;  of  grade  4,  scratched  rather  easily  by  the 
knife  ;  grade  5,  scratched  with  some  difficulty  ;  grade  6,  barely  scnitched  by  a 
knife,  but  distinctly  by  a  file — moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  but  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  in 
Appendix  B  ;  they  include  all  the  gems. 

269.  Sclerometer. — Accurate  determinations  of  the  hardness  of  minerals 
can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instrument 
called  a  sclerometer.    The  mineral  is  placed  on  a  movable  carriage,  with  the 

*  The  interv&l  between  2  and  3.  and  5  and  6,  in  the  scale  of  Mobs,  being  a  little  grenter 
(banVtween  the  other  niiroliers,  Breitbaupt  proposed  a  scale  of  twite  minerals;  but  Ui6 
ioide.of  Mobs  is  now  universally  accepted. 
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sarfaoe  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with  a 
steel  point  (or  diamond  point),  fixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
on  the  surface  of  the  mineral 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  fiices  of  a  crystal  (e,g.y  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differences 
in  hardness  are  noted  only  with  crystals  which  show  distinct  cleavage;  the 
hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleavage.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planea, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

This  subject  has  been  iuvestignted  by  £xner  (p.  155),  who  has  given  tlie  form  of  the 
eurteM  of  hardneu  for  the  different  faces  of  many  crystals.  These  curves  are  obtained  as 
follows :  the  least  weight  requii*ed  to  scrntch  a  crystalline  surface  in  different  directions, 
for  each  10'  or  15*.  from  0"  to  180"*,  is  determined  with  the  scleroraeter;  these  directions 
are  laid  off  as  radii  from  a  center,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  b^  experiment — that  is,  to  the  hardness  thus  determined:  the  line  coiintctin^  the 
extremuies  of  these  rndii  is  the  curve  of  hardness  for  the  given  face. 

The  following  table  gives  the  results  obta'ned  *  (see  literature)  in  comparing  the  hnrn- 
nesa  of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum.  No.  2. 
Pfaff  used  the  method  of  boring  ^ith  a  sUmdard  point,  the  hardness  being  determined  by 
the  number  of  rotations  ;  Kosiwal  used  a  standiird  powder  to  grind  the  surface,  Jaggnr 
employed  his  micro-sclerometer.  the  method  being  essentially  a  modification  of  thai  of 
Pfaff.  By  means  of  this  instrument  he  is  able  to  test  tlie  hardness  of  the  minerals  present 
in  a  thin  sectitm  under  the  microscope.  Measurements  of  absolute  hardness  have  also  bveu 
made  by  Auerbach. 

Pfaff,  1884.  Rosiwal,  1803.         Jafn^r,  1897. 

9.  Corundum 1000  1000  1000 

8.  Topaz 459  13a  152 

7.  Quartz 254  149  40 

6.  Orthociase 191  287  25 

6.  Apilite 58-5  6*20  1*23 

4   Fluorite 873  4-70  75 

8.  Calcite 15  8  2  68  26 

2.  Gypsum 12  03  -34  04 

270.  Stlation  of  Hardness  to  Chemical  Compoiition.— Some  general  facts  of  importance 
can  lie  stated  f  in  reganl  to  the  connection  between  the  hardness  of  a  minenil  and  its 
chemical  composition. 

1.  Compounds  of  the  heavy  metals,  as  silver,  copper,  mercury,  lead,  etc.,  are  soft,  their 
hanloess  seldom  exceeding  2*5  to  8. 

Among  the  compounds  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iron  (also  of  nickel  and  cobalt)  are  relatively  hard  {e.g.,  for  pyrite  H.  =  (3  to  6*0;  for 
hematite  H.  =  6,  etc.);  here  belong  also  columbite,  iron  niobate,  tantalite.  iron  tantalate, 
wolframite, iron  tungstate. 

2.  The  sulphides  are  mostly  relatively  soft  (except  as  noted  in  1),  also  most  of  the 
carbonates,  sulphates,  and  phosphates. 

8.  Hydrous  salts  are  relatively  soft.   This  is  most  distinctly  shown  among  the  si  icates- 
t.g.,  compare  the  feldspars  and  zeolites. 

4.  The  conspicuously  hard  minerals  are  found  chiefly  among  Uie  oxides  and  silicates; 
numy  of  Ihem  are  compounds  containing  aluminium — e.g.,  corundum,  diasporc,  chrysoberyl, 
and  many  alumino- silicates.  Outside  of  these  the  borate,  boracite,  is  hard  (U.  =  T);  also 
iridosmine. 

On  the  relation  of  hardness  to  specific  gravity,  see  Art.  280. 


*  The  numbers  are  here  given  as  tabulated  by  Jaggar. 
fSee  further  in  Appendix  B. 
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871.  Praotioal  Snggetftioni. — Sevenil  points  should  be  regarded  in  the  trials  of  hardness: 

(1)  If  the  mineml  is  slightly  altered,  ns  is  often  the  case  with  corundum,  garnet,  etc, 
the  surface  may  be  readily  scratched  when  this  would  be  impossible  with  the  mineral 
itself;  a  ttial  with  au  edge  of  the  latter  will  often  give  a  correct  result  in  such  a  case. 

(2)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  when  the  grains 
have  been  only  torn  apart  or  crushed. 

(3)  A  relatively  soft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  mistaken  for  a  scratch  if  carelessly  observed. 

(4)  A  crystal,  as  of  quartz,  is  often  slightly  scratched  by  the  edge  of  another  of  the  same 
species  and  like  hardness 

(5)  The  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  as 
possible. 

272.  Tenacity.-- Minerals  may  be  either  brittle,  sectile^  malleable,  or 
flexible. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it,  as  palcite. 

(^)  Sectile ;  when  pieces  maybe  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

(c)  Malleable;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(d)  Flexible ;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

273.  Elastioity.— The  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volume,  and  also  its 
tendency  to  return  to  its  original  shape  when  the  deforming  force  ceases  to 
act.  If  the  limit  of  elasticity  is  not  passed,  the  change  in  molecular  position 
is  proportional  to  the  force  acting,  and  the  former  sliape  or  volume  is  exactly 
resumed;  if  this  limit  is  exceeded,  the  deformation  becomes  permanent,  a  new 
position  of  molecular  equilibrium  having  been  assumed;  this  is  shown  in  the 
phenomena  of  gliding-planes  and  secondary  twinning,  already  discussed. 
The  magnitude  of  the  elasticity  of  a  given  substance  is  measured  by  the 
coefficient  of  elasticity^  or,  better,  the  coefficient  of  restitution.  Tnis  is 
defined  as  the  relation,  for  example,  between  the  elongation  of  a  bar  of  unit 
section  to  the  force  acting  to  produce  this  effect;  similarly  of  the  bending  or 
twisting  of  a  bar.  The  subject  was  early  investigated  acoustically  by  Savart; 
in  recent  years,  Voigt  and  others  have  made  accurate  measures  of  the  elasticity 
of  many  substances  and  of  the  crystals  of  the  same  substance  in  different 
directions.  The  elasticity  of  an  amorphous  body  is  the  same  in  all  directions, 
but  it  changes  in  value  with  change  of  crystallographic  direction  in  all 
crystals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  "highly  elastic,"  while  phlogopite  is  much  less  so.  In  this  case 
it  is  not  true  in  the  physical  sense  that  muscovite  has  a  hish  value  for  the 
coefficient  of  elasticity;  its  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  wide  limits. 
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II.  SPECIFIC  GRAVITY  OR  RELATIVE  DENSITY. 

274.  Definition  of  Specifio  Oravity. — The  specific  gravity  of  a  mineral  is  the 
ratio  of  its  density*  to  that  of  water  at  4**  C.  (39-2**  ¥.),  This  relative  density 
may  be  learned  in  any  case  by  comparing  the  ratio  of  the  weight  of  a  certain 
volume  of  the  given  substance  to  that  of  an  equal  volume  of  water;  hence  the 
specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by  the  weight 
of  an  equal  volume  of  water. 

The  statement  that  the  specific  gravity  of  graphite  is  2,  of  corundum  4,  of 
galena  T '  5,  etc.,  means  that  the  densities  of  the  minerals  named  are  2,  4,  and 
7  5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  any 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7*5  times, 
etc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion  or 
contraction  under  change  of  temperature,  the  comparison  should  be  made  with 
water  at  a  fixed  temperature,  namely  4°  C.  (39 "2°  F.),  at  which  it  has  its  maxi- 
mum density.  If  made  at  a  higher  temperature,  a  suitable  correction  should  be 
introduced  by  calculation,  rractically,  however,  since  a  high  degree  of 
accuracy  is  not  often  called  for,  and,  indeed,  in  many  cases  is  impracticable  to 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinary 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  which 
the  observation  is  made  can  safely  be  neglected.  Common  variations  of  tem- 
perature would  seldvom  affect  the  value  of  the  specific  gravity  to  the  extent  of 
one  unit  in  the  tlnrd  decimal  place. 

For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  fact 
that  the  observed  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  weight 
by  the  weight  of  air  displaced. 

Where  the  nature  of  the  investigation  calls  for  an  accurate  determination 
of  the  specific  gravity  (e.g.,  to  four  decimal  places),  no  one  of  the  precautions 
in  regard  to  the  purity  of  material,  exactness  of  weight- measurement,  temper- 
ature, etc.,  can  be  neglected. f  The  accurate  values  spoken  of  are  needed  in 
the  consideration  of  such  problems  as  the  specific  volume,  the  relation  of  molec- 
ular volume  to  specific  gravity,  and  many  others.  Some  of  these  have  been 
discussed  by  Schroder,  Hunt,  also  (for  salts)  by  Playfair  and  Joule,  etc. 

275.  Determination  of  the  Specific  Oravity  by" the  Balance. — The  direct 
comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an  equal 
volume  of  water  is  not  often  practicable.  By  making  use,  however,  of  a 
familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  in 
consequence  of  the  buoyancy  of  the  latter,  loses  in  weight  an  amount  which  is 
equal  to  the  weight  of  an  equal  volume  of  the  water  (tliat  is,  the  volume  it  dis- 
places)—the  determination  of  the  specific  gravity  becomes  a  very  simple 
process. 

The  wei«2:ht  of  the  solid  in  the  air  {w)  is  first  determined  in  the  usual  man- 
ner; then  the  weight  in  water  is  found  (w');  the  difference  between  these 
weights— that  is,  the  loss  by  immersion  {w  —  w') — is  the  weight  of  a  volume  of 

*  Tlie  demtty  of  a  body  is  strictly  the  mass  of  the  unit  volume.  Thus  if  a  cubic  centi- 
iikUm  of  wHier  (at  its  niaximuin  density,  4'  C.  or  39-2^  F.)  is  tukeu  as  the  unit  of  mass,  the 
den-iiy  of  auy  botly— as  gold — i^*  given  by  the  number  of  grams  of  mass  (about  19)  iu  a 
cubic  centimeter ;  in  this  case  the  sjinie  number.  19,  gives  the  relative  density  or  specific 
gravity.  If,  however,  a  p<)und  is  tiiken  as  the  unit  of  mass,  and  the  cubic  foot  as  the  unit  of 
volume,  the  mass  of  a  cubic  foot  of  water  is  ()2*d  lbs.,  that  of  gold  about  1188  lbs.,  and  the 
^specific  gravity  is  the  ratio  of  tlie  second  to  tlie  first,  or,  again,  19. 

t  Cf .  Earl  of  Berl^eley  in  Min.  Mag.,  11,  H  1895. 
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water  eqnal  to  that  of  the  solid;  finally,  the  quotient  of  the  first  weight  (w)  by 
that  of  the  equal  volame  of  water  as  determined  {w  —  w')  is  the  specific 
gravity  (0). 
Hence, 


G  = 


w 


w  —  w 


r 


492. 


A  common  method  of  obtaining  the  specific  gravity  of  a  firm  fragment  of 
a  mineral  is  as  follows:  First  weigh  the  specimen  accurately  on  a  good 
chemical  balance.  Then  suspend  it  from  one  pan  of  the 
balance  by  a  horse-hair,  silk  thread,  or,  better  still,  by  a  fine 
platinum  wire,  in  a  glass  of  water  conveniently  placed 
beneath,  and  take  the  weight  again  with  the  same  care ; 
then  use  the  results  as  above  directed.  The  platinum  wire 
may  be  wound  around  the  specimen,  or  where  the  latter  is 
small  it  may  be  made  at  one  end  into  a  little  spiral  support. 

276.  The  Jolly  Balance.— Instead  of  using  an  ordinary 
balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  m  Fig.  492,  may  be  conveniently 
employed;  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  smalt  grains.  The  mineral  is  first  placed  on  the 
glass  pan  c,  and  the  amount  that  the  spring  is  stretched 
noted  by  the  scale  number  (iV,),  opposite  to  which  the  index 
at  m  comes  to  rest  (the  eye  sees  the  reflection  in  the  mirror 
and  thus  avoids  error  by  parallax).  If  from  N^  be  sub- 
tracted the  number  n,  expressing  the  amount  to  which  the 
scale  is  stretched  by  the  weight  of  spring  and  pans  aloTie,  the 
difference  will  be  proportional  to  the  weight  of  the  mineral. 
Next,  the  mineral  is  placed  in  the  lower  pan,  d,  immersed 
in  the  water,  and  again  the  corresponding  scale  number,  JV^,, 
read.  The  difference  between  these  readings  (.V,  —  JV,)  is 
a  number  proportional  to  the  loss  of  weight  in  water.  The 
specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  is 
taken  the  specific  gravity  can  be  obtained  accurate  to  two  decimal  places. 

277.  Pycnometer. — If  the  mineral  is  in  the  form  of  grains  or  small  frag- 
ments, the  specific  gravity  may  be  obtained  by  use  of  the  pyoiometer.  This  is 
a  small  bottle  (Fig.  493)  having  a  stopper  which  fits  tightly  and  ends  in  a 
tube  with  a  very  fine  opening.  The  bottle  is  filled  with  distilled  water,  the 
stopper  inserted,  and  the  overflowing  water  carefully  removed  with  a  soft  cloth. 
It  IS  now  weighed,  and  also  the  mineral  whose  density  is  to  be  determined. 
The  stopper  is  then  removed  and  the  mineral  in  powder  or  in  small  frag- 
ments inserted  with  care,  so  as  not  to  introduce  air-bubbles.*  The  water  which 
overflows  on  replacing  the  stopper  is  the  amount  of  water  displaced  by  the 
mineral.  The  weight  of  the  pycnometer  with  the  inclosed  mineral  is  deter- 
mined, and  the  weight  of  the  water  lost  is  obviously  tlie  difference  between 
this  last  weight  and  that  of  the  bottle  and  mineral  together,  as  first  determined. 

*  It  is  difficult  to  prevent  the  presence  of  nir-bubbles.  and  hence  it  is  often  necessary,  in 
order  to  Insure  accuracy,  to  place  the  bottle  under  an  air-pump  and  exhaust  the  air. 
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The  specific  gravity  of  the  mineral  is  equal  to  its  weight  alone  divided  by  the 
weight  of  the  equal  volume  of  water  thus  determined.  Where  this  method 
ia  followed  with  aufficient  care,  especially  avoiding  any  change  of  temperature 
iu  the  water,  the  reeults  may  be  highly  accurate. 

'  If  the  mineral  forms  a  porous  mass,  it  may  be  first  reduced  to  powder,  but 
it  ie  to  be  noted  that  it  has  been  shown  by  Rose  that  chem- 
ical precipitates  have  uniformly  a  higher  density  than  belongs 
to  the  same  substance  in  a  less  finely  divided  state.  This 
increase  of  density  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  aSne  state  of  mechanical  subdivision.  It  is  ex- 
plained by  the  condensation  of  the  water  on  the  surface  of 
the  powder. 

278.  Use  of  Liqoidi  of  High  Denaity.— It  is  often  found 
convenient  both  in  the  determination  of  the  specific  gravity 
and  in  the  mechanical  separation  of  fragments  of  different 
specific  gravities  (e.y.,  to  obtain  pure  material  for  analysis, 
or  again  in  the  study  of  rocks)  to  use  a  liquid  of  high  density 
— that  is,  a  so-called  heavy  soUitiov.  One  of  these  is  the 
solution  of  mercuric  iodide  in  potassium  iodide,  called  the  Sonstadt  solution 
or  Thoulet  solution.  When  made  with  cure*  it  has  a  mazimum  density  of 
nearly  3*2,  which  by  dilution  may  be  lowered  at  will. 

A  second  solution,  often  employed,  is  the  Klein  solutio)/,  the  borotungstate 
of  cadmium,  having  a  maximum  density  of  3  C.  This  again  may  be  lowered 
at  will  by  dilution,  observing  certain  necessary  precautions.  Still  a  third 
solution  of  much  practical  value  is  (hat  proposed  by  Bruuns,  methylene,  iodide, 
which  has  a  specific  gravity  of  3'3i^4.  A  number  of  other  solutions,  more  or 
less  practical,  have  also  been  suggested  (sec  papers  referred  to  in  the  literature 
on  p,  160,  which  also  give  the  necessary  directions  for  the  use  of  the  liquids). 
Wlien  one  of  these  liquids  is  to  be  used  for  the  determination  of  the  specific 
gnivity  of  fragmente  of  a  certain  mineral  it  must  be  dilnted  until  the  frag. 
nicnts  just  float  and  the  specific  gravity  then  obtained,  most  conveniently  by 
the  Westphal  balance  (Art.  279). 

When,  on  the  other  hand,  the  liquid  is  to  be  used  for  the  separation  of  the 
fragments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  dust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  con- 
stituent after  another  sinks  and  is  removed.  For  the  convenient  application 
of  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
observed ;  compare  the  papers  noted  in  the  literature  (p.  IfiO),  especially  one  by 
Peiifield. 

S79.  WMtphal'i  Bklang*.— The  Weslplia!  balnnce  is  conveDlcDtly  lued  to  detennlDe  tlie 
speciljc  gniviiyof  n  liqiilil,  ami  lienre  of  a  mineral  wben  a  heavy  snlut ion  b  employ^  (Arl. 
STB).  It  consists  ra^eDlUll^  nf  n  gradiialed  tteelvanl  arm.  upon  which  tie  weights  in  the 
form  of  tillers,  ure  pliipeii.  Tliese  must  be  bo  n^jiisteii  tliai  the  siuker  Is  tretly  su»prD<leil 
in  Ihe  (clvt-ii  liquid  while  Ihe  index  nl  the  <-nd  jpoiots  tn  (he  zcrci  of  the  snile  ttna  shows  liii.l 
the  arm  is  liorizouiiil  (cf.  Itosenliuscli.  Mikr.  Pliyn.  Mill,,  p.  24fll.  The  gradiiallon  usuarly 
allows  of  ihc  specific-  gravity  beiiiL*  ri'nd  off  ditecily  wiihmit  ca'rulalion. 

280.  B«lati«n  of  Oaniit;  to  HardoeH.  Cbtmiaal  CompMition,  ate.— The  denvtif,  or  specllk 
gravity,  of  a  solid  depends,  firsl.  u|v>n  tlie  nature  of  Ihe  chemiciil  substances  which  It  coD' 
uIh!'.  and.  seoinil,  npon  (hu  stale  of  nioieruliir  agKi-egatiun. 

Tliua.  as  nn  illusliiitioii  of  the  Itrsl  pxint,  all  l>n<l  cninponDds  have  a  high  denslly 
(G.  =  about  fl),  ?{nce  lead  is  a  lieavy  raelu),  or.  chemically  expressed,  iiu  a  lilgli  alomfc 
weight  (208-4)     Kmilarly,  barium  sulphate,  barite.  lias  a  tpedfic  gnvlij  of  4'(i,  wUle  foi 

f  Se«  the  directioui  by  QoldscbiuMt,  reference  on  p.  160. 
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calcium  sulphate  or  anhydrite  the  value  is  only  2*95  (at.  weight  for  harium  187,  for  calcium 
about  40). 

On  the  other  hand,  while  aluminium  is  a  metal  of  low  density  (G.  =  2*5  and  atomic 
weight  =  27),  its  oxide,  corundum,  has  a  remarkably  high  density  (&.  =  4)  and  is  also  very 
hiird  (H.  =  9).  Again,  carbon  (at.  weight  =  12)  bas  a  high  density  in  tbe  diamond  (G.=8'5) 
and  low  in  eraphite  (G.  =  2);  also,  tbe  Hist  is  hard  (H.  =  10).  the  second  soft  (H.  =  1*5).  In 
these  and  Mmilar  cases  the  high  density  signifies  great  molecular  aggregation,  and  hence  it 
is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance  to  the  attack  of 
acids. 

As  bearing  upon  this  point,  it  is  to  be  noted  tbat  the  density  of  many  substances  is 
altered  by  fusion.  A^ain,  the  same  mineral  in  diftercut  states  of  molecular  aggregation 
may  differ  (but  only  slightly)  in  density.  Furtbermore,  minerals  having  tbe  same  chemical 
composition  have  sometimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  they  appear.  Tbus  in  the  case  of  calcium  carbonate  (CaCOi),  calcite  has 
G.  =  2-7,  aragonite  bas  G.  =  2-9. 

281.  Average  Speoiflo  Oravitiet.  — It  is  to  be  noted  tbat  among  minerals  of  unmetallic 
liUSTKR  tbe  average  specific  gravity  ranges  from  2*6  to  3.  Here  belong  quartz  (2*66), 
calcite  (2*7),  the  feldspars  (2-6-2-75),  muscovite  (28)  A  specific  gravity  of  25  or  less  is 
low,  and  is  chamcteristic  of  soft  minerals,  and  often  those  wlticb  are  bydrous  (e.g.,  gypsum, 
G.  =:  2  8).  Tbe  common  species  fluorite,  tourmaline,  apatite,  vesuvianite,  ampbibole, 
pyroxene,  and  epidote  lie  just  above  tbe  limit  given,  namely,  8*0  to  85.  A  specific  gravity 
of  8'6  or  above  is  relatively  high,  and  belongs  to  hard  minerals  (as  corundum,  see  Art.  280), 
or  to  tbose  containing  a  heavy  metal,  as  compounds  of  strontium,  barium,  also  iron,  tungsten^ 
copper,  silver,  lead,  mercury,  etc. 

With  minerals  of  metallic  lustkk.  tbe  average  is  about  5  (here  belong  pvrite,  hematite, 
etc.),  while  if  below  4  it  is  relatively  low  (granhite  2,  stihnite  4*5) ;  if  7  or  above,  relatively 
high  (ns  galena,  7*5). 

Tables  of  minerals  arranged  according  to  their  specific  gmvity  are  given  in  Appendix  B. 

282.  Conitaney  of  Bpodfle  Gravity. — Tbe  specific  gravity  of  a  mineral  species  is  a  character 
of  fundamental  importance,  and  is  higbly  constant  for  different  specimens  of  the  same 
8|>ecie8,  if  pure,  free  from  cavities,  solid  inclusions,  etc..  and  if  essentially  constant  in  com- 
position. In  the  case  of  many  species,  however,  a  greater  or  less  variation  exists  in  the 
chemical  composition,  and  tbis  at  once  causes  a  variation  in  specific  gravity.  Tbe  different 
kinds  of  garnet  illustrate  tbis  point ;  also  tbe  various  minerals  intermediate  between  tbe 
tautalate  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  78  or  above  to 
G.  =  5  8. 

288.  Praetieal  Bnggeitloiii.— It  should  be  noted  tbat  the  determination  of  the  specific 
gravity  has  little  value  unless  tbe  fragment  taken  is  pure  and  is  free  from  impurities,  internal 
and  external,  and  not  porous.  Care  must  be  taken  to  exclude  air-bubbles,  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  in  the  water,  and 
sometimes  boiling  (or  the  use  of  tbe  air-pump)  is  necessary  to  free  it  from  air.  If  it  al^orbs 
water  this  latter  process  must  be  allowed  to  go  on  till  tbe  substance  is  fully  saturated.  No 
accurate  determinations  can  be  made  unless  the  cbanges  of  temperature  are  rigorously 
excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  tbe  whole  and  of  one  are  known,  that  of  tbe  other  can  be  readily  obtained.  This 
method  is  often  important  in  tbe  study  of  rocks. 

It  is  to  l)e  noted  that  the  hand  may  be  soon  trained  to  detect  a  difference  of  specific 
gravity,  if  like  volumes  are  taken,  even  in  a  small  fragment— tbus  tbe  difference  between 
calcite  oi  albite  and  barite,  even  tbe  difference  between  a  small  diamond  and  a  quartz 
crystal,  can  be  detected. 
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III.    CHARACTERS  DEPENDING  UPON  LIGHT. 

GENERAL  PEINCIPLES  OF  OPTICS. 

284.  Before  consideriug  the  optical  characters  of  minerals  in  general,  and 
more  particularly  those  that  belong  to  the  crystals  of  the  different  systems,  it 
is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 
upon  which  the  phenomena  in  question  depend. 

For  a  fuller  discussion  of  the  optics  of  crystals,  special  reference  is  made  to  the  works 
of  Grotb.  Liebiscb,  Mallard,  and  Rosen buscb  (tmd  translation  by  Iddin^)  mentioned  on 
pp.  3  and  4;  also  to  the  various  advanced  text-books  of  Physics.  The  methods  of 
investigation,  with  the  results  of  the  examination  of  many  species,  are  given  in  the  admirable 
memoirs  by  Des  Cloizeaux  in  Ann.  Mines,  11.261-342,  1857;  14,  339-420,  1858;  6.  557* 
595,  1864.  Also  his  Nouvelles  Recherches,  etc.,  222  pp.,  1867.  Early  observations  were 
also  published  by  Gruilich  (Vienna,  1850)  and  by  Grailich  and  von  Lang  (Ber.  Ak.  Wien, 
27.  a.  1857;  32.  43.  1858;  33,  869,  1858).  References  to  many  important  papers  in  special 
subjects  are  given  later. 

285.  Nature  of  Light. — The  propagation  of  light  from  a  luminous  body,  as 
the  sun  or  a  candle-flame,  is  believed  to  be  accomplished  by  a  very  rapid  wave- 
motion*  in  the  medium  called  the  luminiferous  c/Aer,  which,  it  is  assumed, 
pervades  all  space  as  well  as  all  material  bodies. 

286.  The  Ether.— The  assumption  of  the  medium  called  the  ether  is 
necessary,  since  without  this  it  is  impossible  to  explain  the  transmission  of 
light  through  space  where  no  ordinary  medium  (as  the  air)  is  present. 
Furthermore,  as  the  velocity  of  light  even  within  solid  media,  though  less 
than  that  in  a  vacuum  or  in  air,  is  still  enormously  rapid,  it  is  inconceivable 
that  it  should  be  propagated  by  the  molecules  of  the  body;  hence  the  assump- 
tion, otherwise  verified,  that  the  ether  pervades  all  material  bodies.  The 
proj)ertios  of  the  ether,t  however,  are  modified  by  the  molecular  structure  of 
the  given  body,  as  is  proved  by  the  fact  that  the  velocity  of  light  varies  with 
the  chemical  nature  of  the  substance,  and  also  in  certain  cases  with  the  direc- 

*"  It  is  now  geuenilly  accepted  that  ligh*  is  an  electro-magnetic  phenomenon  and  that 
llie  nature  of  the  periodic  motion  in  the  ether  by  which  light  is  propagated  is  the  same  as 
that  involved  in  the  transmission  of  electric  waves  produced,  for  example,  by  a  very  rapid 
oscillatory  electric  discharge  between  two  spark-knobs.  In  fact  these  electnc  waves  have 
been  shown  to  travel  with  the  same  velocity  as  light-waves,  and  to  exhibit  like  phenomena 
of  reflcc«i(>n.  refraction,  polarization,  etc.:  hence  they  are  believed  to  differ  from  light- 
waves only  in  their  much  greater  length.  For  the  purposes  of  the  present  work,  however, 
light-waves  are  treated  of  as  if  a  mechanical  phenomenon,  but  all  assumption  of  variations 
of  the  "elasticity  of  the  ether"  in  crystals  as  an  explanation  of  the  observed  variation  of 
light-velocity  is  avoided. 

f  Reference  is  made  to  an  article  by  Clerk  Maxwell  in  the  Encyclopedia  BrUannioa  for 
a  discussion  of  the  general  properties  of  the  luminiferous  ether. 
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tion  in  the  given   crystallized   medium  as  corresponding  to  its  particular 
molecular  structure. 

287.  Wave-motion  in  OeneraL — A  familiar  example  of  wave-motion  is 
given  by  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
go  out  from  a  center  of  disturbance^  as  the  point  where  a  pebble  has  been 
dropped  in.  These  surface-waves  are  propagated  by  a  motion  of  the  water- 
particles  wliich  is  transverse  to  the  direction  in  which  the  waves  themselves 
travel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
on.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  rids^e  of  water  of  constantly  increasing 
diameter,  but  of  diminishing  height.  The  ridge  is  followed  by  a  valley, 
indeed  both  together  properly  constitute  a  wave  in  the  physical  sense*  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhausted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
and  back — tnat  is,  in  the  direction  of  propagation  of  the  sound — and  the  effect 
of  the  transfer  of  this  impulse  from  one  layer  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  of  air,  which  together  constitute 
a  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continually  increases).  Sound- 
waves, as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

288.  It  is  important  to  understand  that  in  both  the  cases  mentioned,  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be  considered 
as  a  center  of  disturbance  from  which  a  system  of  new  waves  tend  to  go  out. 
These  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light-waves  (Art.  292  and 
Figs.  495,  496). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  the  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  (i.e.,  one  narrow  in  comparison  with  the  length 
of  the  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  aoout  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  308). 

889.  Still  nnother  case  of  wave-motion  may  be  mentioned,  since  it  is  particularly  helpful 
in  giving  n  correct  apprehension  of  li^btplienomena.  If  a  long  rope,  attached  at  one  end, 
be  grasfied  at  the  other,  a  quick  motion  of  the  hand,  up  or  down,  will  give  rise  to  a  half 
wave-form~iu  one  case  a  crest,  in  the  other  a  trough — wbich  will  travel  quickly  to  the 
other  hnod  and  be  reflected  back  with  a  reversal  in  its  position;  that  is,  if  it  went  forward 
ns  a  hili-li^c  wave,  it  will  return  as  a  trough.  If.  just  as  the  wave  has  reached  the  end,  a 
8(>c(>nd  like  one  be  started,  the  two  will  meet  and  pass  in  the  middle,  but  here  for  a  brief 
interval  the  rope  is  sensibly  at  rest,  since  it  feels  two  equal  and  opposite  impulses.  This 
will   be  seen   later  to  be  a  case  of  the  simple  interference  of  two  like  waves  opposed 

in  phase. 

Agftin,  A  double  motioD  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  and  this  again  is  rctiected  back  as  in  the  simpler  case. 
Still  Again,  if  a  series  of  like  motions  are  continued  rhythmically  and  so  timed  that  each 
wave  ia  an  even  port  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  waves 
passing  in  the  two  dIrectioDS  will  interfere  and  a  system  of  so-called  stationary  waves  will 

*  Strictly  ^[MakiDg,  the  path  of  each  particle  approximates  closely  to  a  circle. 
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be  the  result,  the  rope  seeming  to  vibrate  in  segments  to  and  fro  about  the  position  of 
equilibrium. 

Finally,  if  the  end  of  the  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uniform, 
rhythmical  rate,  a  system  of  stationary  waves  will  again  result,  but  now  the  vibrations  of 
the  string  will  be  sensibly  in  circles  about  the  central  line,  lliis  last  case  will  be  seen  to 
roughly  indicate  the  kmd  of  transverse  vibrations  by  which  the  waves  of  circularly 
polarized  light  are  propagated,  while  the  former  case  represents  the  vibrations  of  waves  of 
what  is  called  plane- polarized  light. 

'  All  these  cases  of  waves  obtained  with  a  rope  deserve  to  be  carefully  cnnsiflered  and 
studied  by  experiment,  for  the  sake  of  the  assistance  tliey  give  to  an  understanding  of  the 
complex  pheuomena  of  light- waves. 

290.  Wave-length,  Amplitude,  etc — In  the  cases  mentioned,  as  in  all  kinds 
of  simple  wave-motion,  the  length  of  a  wave  is  the  distance  from  any  one 
particle  of  the  medium  to  the  next  which  is  moving  in  the  same  direction 
with  the  same  velocity,  or,  technically  expressed,  which  is  in  the  same  phase. 
The  amplitude  of  the  wave  is  the  excursion  to  or  fro  from  its  position  of 
equilibrium  made  by  each  particle  in  succession.  Further,  the  wave-system 
travels  onward  the  distance  of  one  wave-length  in  the  time  that  a  given 
particle  makes  a  complete  excursion  to  and  fro. 

291.  Light-wave8.~The  propa^tion  of  ether-waves  involves  the  same 
fundamental  principles  as  the  familiar  forms  of  wave-motion  just  considered. 
Here  the  motion  of  the  medium  is  transverse  to  the  direction  of  propagation, 
and  this  motion  may  he  regarded  as  communicated  from  one  set  of  particles 
to  the  next  and  so  on,  the  ether-waves  traveling  as  concentric  spherical  waves 
(in  an  isotropic  medium)  outward  in  all  directions  from  the  luminous  point. 

The  nature  of  the  vibrations  will  be  better  understood  from  Fig.  494. 
If  AB  represents  the  direction  of  propagation  of  the  light,  each  particle  of 
ether  must  vibrate  at  right  angles  to  this  as  a  line  of  equilibrium.  The 
vibration  of  the  first  particle  induces  a  similar  movement  in  the  adjacient 
particle;  this  is  communicated  to  the  next,  and  so  on.  The  particles  vibrate 
successively  from  the  line  ^^  to  a  distance  corresponding  to  M  ,  the  amplitude 
of  the  vibration,  then  return  to  h  and  pass  on  to  b'\  and  so  on.  Thus  at  a 
given  instant  there  are  particles  occupying  all  positions,  from  that  of  the 

494. 


extreme  distance  V^  or  c^y  from  the  line  of  equilibrium  to  that  on  this  line. 
In  this  way  the  wave  moves  forward,  while  the  motion  of  the  particles  is  only 
transverse.  The  distance  between  any  particle  and  the  next  wnich  is  in  a  like 
position — Le.f  of  \\\ie  phase,  as  6' and  c' — \b  the  wave-length  ;  and  the  time 
required  for  this  completed  movement  is  the  time  of  vibration,  or  vibration- 
period.  The  intensity  of  the  light  varies  with  the  amplitude  of  the  vibration, 
and  the  color,  as  explained  in  a  later  article,  depends  upon  the  length* of  the 
waves;  the  length  of  the  violet  waves  is  about  one-half  the  length  of  the  red 
waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
place  in  all  planes  about  the  line  of  propagation.  In  the  above  figure, 
vibrations  in  one  plane  only  are  represented ;  light  which  is  thus  one-sided  or 
has  only  one  direction  of  transverse  vibration  is  said  to  be  plane-polarized. 

Light-waves  have  a  very  minute  length,  only  0-000023  of  an  inch  for  the 
yellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  miles 
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496. 


per  second  in  a  vacnam;  thus  light  passes  from  the  sun  to  the  earth  in  about 
eight  minutes.  The  vibration-periody  or  time  of  one  oscillation,  is  consequently 
extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light  in  one 
second  by  the  number  of  waves  included. 

292.  Wave-front. — In  an  isotropic  medium,  as  air,  water,  or  glass— that 
is,  one  in  which  light  is  propagated  in  all  directions  about  the  luminous  point 
with  the  same  velocity — the  waves  are  spherical  in  form.  The  wave-front  is 
the  continuous  surface,  in  this  case 
spherical,  which  includes  all  particles 
which  commence  their  vibration  at  the 
same  moment  of  time.  Obviously  the 
curvature  of  the  wave-front  diminishes 
as  the  distance  of  the  source  of  light 
increases,  and  when  the  light  comes 
from  an  indefinitely  great  distance  (as 
the  sun)  the  wave-front  becomes  sen- 
sibly a  plane  surface.  Such  waves  are 
usually  called  plane  waves.  These 
cases  are  illustrated  by  Figs.  495  and 
496.  In  Fig.  495  the  luminous  point 
is  supposed  to  be  at  0,  and  the  medium 
being  isotropic,  it  is  obvious  that  the 
wave-front,  as  ABC .. .  (?,  is  spherical. 
It  is  also  made  clear  by  this  figure  how, 
as  brieflv  stated  in  Art.  288,  the  result- 
ant of  all  the  individual  impulses  which 
go  out  from  the  successive  points,  as 
€1,  bj  c,  etc.,  as  centers,  form  a  new 
wave- front,  ahc...ff,  concentric  with 
ABC...  6.  In  Fig.  496  the  luminous 
body  is  supposed  to  be  at  a  great  dis- 
tance, so  that  the  wave-front  AB ...F 
is  a  plane  surface.  Here  also  the  individual  impulses  from  A^  By  etc.,  unite 
to  form  the  wave-front  ah. ..  /parallel  to  AB ,.  .F. 

293.  Light-ray. — The    study  of    light-phenomena  is,  in   certain    cases, 
facilitated  by  the  conception  of  a  light-ray^  a  line  drawn  from  the  luminous 

point  to  the  wave-front,  and  whoso 
direction  is  taken  so  as  to  represent  that 
of  the  wave  itself.  In  Fig.  495  0.4,  OB, 
etc.,  are  diverging  light-ravs,  and  in 
Fig.  496  OAy  OB,  etc.,  are  parallel 
light-rays.  In  both  these  cases,  where 
the  medium  is  assumed  to  be  isotropic, 
the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that 
the  light- wave  moves  onward  in  a  direc- 
tion normal  to  the  wave-front. 

It    must    be    understood    that    the 
"light-ray'*  has  no  real  existence  and  is 
to  be  taken  only  as  a  convenient  method 
of  representing  the  direction  of  motion 
of  the  light-waves  nnder  varying  conditions.  Thus  when  by  appropriate  means 


496. 


E 


164  PHYSICAL  MIKERALOGY. 

{e.g.,  the  use  of  lenses)  the  cnrvatare  of  the  wave-front  is  altered — forexample, 
if  from  being  a  plane  surface  it  is  made  sharply  convex — then  the  light-rays, 
at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the  convex  wave- 
front  is  made  plane,  the  diverging  light-rays  are  then  said  to  be  made 
parallel. 

294.  Wave-length.  Color.  White  Light. — Notwithstanding  the  very  small 
length  of  the  waves  of  light,  they  can  be  measured  with  great  precision.  The 
visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body,  as  the 
glowing  carbons  of  an  electric  arc-light,  may  be  shown  to  consist  of  waves  of 
widely  varying  lengths.  They  inchide  red  waves  whose  length  is  about  y^i^u 
of  an  inch  and  waves  whose  length  constantly  diminishes  without  break, 
through  the  orange,  yellow,  green,  and  blue  to  the  violet,  whose  minimum 
length  is  about  half  of  that  of  the  red.  The  length  of  each  group  of  these 
waves  determines  the  sensation  of  color  which  the  eye  perceives.  This  color  is 
strictly  monochromatic  only  when  it  corresponds  to  one  definite  wave-length ; 
this  is  nearly  true  of  the  bright- yellow  sodium  line,  though  strictly  speaking 
this  consists  of  two  sets  of  waves  of  slightly  different  lengths. 

The  effect  of  "  while  light "  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  simultaneously;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1500°  C.  appears  ''  white  hot.'' 

The  radiation  from  the  sources  named,  either  the  sun,  the  electric  carbons, 
or  the  glowing  platinum,  includes  also  longer  waves  which  do  not  affect  the 
eye,  but  which,  like  the  light-waves,  produce  the  effect  of  sensible  heat  when 
received  upon  an  absorbing  surface,  as  one  of  lampblack.  There  are  also, 
particularly  in  the  radiation  from  the  sun,  waves  shorter  than  the  violet  which 
also  do  not  affect  the  eye.  The  former  are  called  infra-red,  the  latter  ultra- 
violet  waves. 

295.  Complementary  Colors. — The  sensation  of  white  light  mentioned  above 
is  also  obtained  when  to  a  given  color — that  is,  light-waves  of  given  wave- 
length— is  combined  a  certain  other  so-called  complementary  color.  Thus 
certain  shades  of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card 
on  which  the  colors  form  segments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  in 
the  sjxjctrum  there  is  another  one  complementary  to  it  in  the  sense  here 
defined.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

296.  Eeflection. — When  light-waves  come  to  the  boundary  which  separates 
one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air,  they  are,  in 
general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  497  and  498.  In  Fig. 
497,  3/3/  is  the  reflecting  surface — here  a  plane  surface — and  the  light-waves 
have  a  plane  wave-front  (Abcde);  in  other  words,  the  light-rays  {OA,  Oh,  etc.) 
are  parallel.  It  is  obvious  that  the  wave-front  meets  the  surface  first  at  A  ana 
successively  from  point  to  point  to  E,  Each  of  these  points  is  to  be  regarded 
as  the  center  of  a  new  wave-system  which  unimpeded  would  be  propagated 
onward  in  a  given  time  distances  equal  to  the  lines  Aa'  BV,  etc  Hence  the 
common  tangent ///Zl^•^ to  the  circular  arcs  drawn  with  these  radii  from  A,  B, 
etc.,  represents  the  direction  of  the  new  or  reflected  wave-front.  But 
geometrically  the  angle  eAE  is  equal  to  fEA,  or  the  incident  and  reflected 
wave-fronts  make  equal  angles  witJi  the  reflecting  surface.  If  NA  is  a  normal 
at  A,  the  angle  OAN — called  the  angle  of  incidence — is  equal  to  NAF,  the 
angle  of  reflection.    Hence  the  familiar  law : 
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The  angle  of  incidence  is  equal  to  the  angle  of  reflection. 
FDrthermore,  the  "incident  tuid  reflected  r&ys"  both  lie  id  the  Bame  plane 
vith  the  normal  to  the  reflecting  surface. 


In  Fig.  498,  where  the  Inminoas  point  b  at  0,  the  waves  going  ont  from  it 
win  meet  the  plane  mirror  MM  first  at  the  point  A  and  successively  at  points. 


u  B,  C,  D,  etc.,  farther  away  to  the  right  (and  left)  of  A.  Here  also  it  is  eagy 
to  show  that  all  the  new  impulses,  which  liave  their  centers  at  A,  B,  C,  etc., 
must  together  give  rise  to  a  series  of  reflected  waves  whose  center  is  at  Q',  at  a 
distance  equally  distant  from  MM  measured  on  a  normal  to  tlie  surface 
{OA  =  OA'). 

Now  the  lines  OA,  05,  etc.,  which  are  perpendicular  to  the  wave-frnnt, 
represent  certMn  Incident  light-rays,  and  the  eye  placed  in  the  direction  BE, 
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CFy  etc.^  will  see  the  luminous  point  as  if  at  0\  It  follows  from  the  consli  ,^ 
tion  of  the  figure  and  can  be  proved  bjr  experiment  that  if  BN^  CN,  etc^,  /re 
normals  to  the  mirror  the  angles  of  incidence^  OBN,  OCN\  etc.,  are  equal  to 
the  angles  of  reflection,  NBS,  N'BF,  etc.,  respectively.  Hence  the  above  law 
applies  to  this  case  also. 

if  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  suifftce, 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-front  after  reflection,  but  the  same  law  still  holds  true. 

'1  he  proportion  of  tbe  reflected  to  the  iucident  ligbt  iucreases  with  the  smoolhiiefts  of 
tlie  surftice  and  also  as  Ihe  oDgle  of  incidence  diminishes.  The  intensity  of  the  reflected 
light  is  a  maximum  for  a  given  surface  in  the  case  of  perpendicular  incidence  (0^,  Fig.  4V8). 

If  the  surface  is  not  perfectly  polished,  diffuse  refitction  will  take  place,  and  there  wilS 
be  no  distinct  reflected  ray.  It  is  the  diffusely  reflected  light  which  makes  the  reflected 
surface  visible ;  if  the  surface  of  a  mirror  were  abioluUlp  tmootfi  the  eye  would  see  tlie 
reflected  body  in  it  only,  not  the  surface  itself.  Optically  expressed,  the  surface  is  to  be 
considered  smooth  if  the  distance  between  the  scratches  upon  it  is  considerably  leas  (say 
one- fourth)  than  the  wave-length  of  light. 

297.  Refraction. — When  a  system  of  light-waves  of  the  same  wave-length 
passes  from  one  medium  into  another  there  is,  in  general,  an  increase  or 

^9^  decrease  in  the  velocity  of  the  light, 

and  this  results  in  the  phenomenon 
of  refraction — that  is,  a  change  of 
direction  at  the  bounding  surface. 
The  principles  applicable  here  can 
be  most  easily  shown  in  the  case  of 
light-waves  with  a  plane  wave-front, 
as  shown  in  Fig.  499 — that  is,  where 
the  light-rays  OA^  OB,  etc.,  are 
parallel.  Suppose,  for  example,  that 
a  light-wave,  part  of  whose  wave- 
front  is  Abcae,  passes  from  air 
obliquely  into  glass,  in  which  its 
velocity  is  about  two-thirds  as  great, 
and  suppose  the  surface  of  the  glass 
to  be  plane.  The  points  A,  B,  etc., 
will  be  successively  centers  of  dis- 
turbance which  will  be  propagated  in  a  given  time,  not  to  distances  equal  to 
eE  (from  A  in  the  line  UA),  to  pE,  etc.,  but  only  two-thirds  of  these  distances. 
Circles  drawn  from  the  points  A,  B,  C,  etc.,  with  radii  equal  to  these  diminished 
values  (two-thirds  of  eE^pE,  etc.),  will  have  a  common  tangent  in  the  plane 
fgkkE,  and  this  will  be  then  the  new  wave-front  in  the  second  medium.  Here 
it  is  seen  that  there  is  a  change  of  direction  in  the  wave-front,  or  otherwise 
stated,  in  the  light-ray,  the  magnitude  of  which  depends  on  the  ratio  between 
the  light- velocities  in  the  two  media,  and,  as  discussed  later,  also  upon  the 
wave-length  of  the  light.  The  light-ray  is  here  said  to  be  broken  or  refracted, 
and  for  a  medium  like  glass,  optically  denser  than  air  (i.e.,  with  a  lower  value 
of  the  light-velocity),  the  refraction  is  toward  the  perpendicular.  In  the 
opposite  case — in  an  optically  rarer  medium — the  refraction  is  away  from  the 
perpendicular,  the  angle  oi  refraction  is  larger  than  that  of  incidence 
(Art.  303). 

298.  Befraotiye  Index. — It  is  obvious  from  the  figure  that  whatever  the 
direotion  of  the  wave-front — that  is,  of  the  light-rays — relatively  to  the  given 

f^io  of  §E  to  Af,  which  determines  the  direction  of  the  new 
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wave-front  {i.e.,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 

V 
is  equal  to  —  where  Fis  the  value  of  the  light-velocity  for  the  first  medium 


V 


(here  air)  and  v  for  the  second  (as  glass).    If  this  constant  ratio  he  represented 
by  n,  we  may  write: 

-  ^_g^_^^   Sin  eAE  __smeAE  _sin  PAN 
^  "  V  '^  Af^  AE.  Sin  AEf'"  sin  AEf  sin  FAN' 

Here  t  {OAN)  is  the  angle  of  incidence  and  r  {FAN)  the  angle  of  refraction  ; 

thusy  in  its  last  form, 

sin  i 
w=  - — , 
sin  r 

we  have  the  familiar  relation  usually  expressed  as  follows: 

The  sine  of  the  angle  of  incidence  hears  a  constant  ratio  to  the  si7ie  of  the 
angle  of  refraction. 

It  is  also  true  that  the  incident  and  refracted  rays  lie  in  a  common  plane 
with  the  normal  to  the  surface. 

The  above  relation  holds  true  for  any  wave-system  of  given  wave-length  in 
passing  from  one  medium  into  another,  whatever  the  wave-front  or  shape  of 


the  bounding  surface.  In  Fig.  500  *  the 
luminous  point  is  at  0,  and  it  can  be 
readily  shown  that  the  new  wave- front 
propagated  in  the  second  medium  (of 
greater  optical  density)  has  a  flattened 
curvature  and  corresponding  to  this  a 

center  at  0'  (where  yj-j  =  —  J.    Here 

the  incident  ravs  OB,  OC,  are  re- 
fracted at  B  and  C,  the  corresponding 
refracted  rays  bein^  BE  and  BjF.  For 
this  case  also  the  rdation  holds  good. 


600. 


fl  = 


Sin  %      sm  t 


;/ 


Sin  r      sin  r 


n 


etc. 


This  constant  ratio  for  light  of  a  given 
wave-length  passing  from  one  medium 
to  another,  express^  here  by  n,  is  called 
the  index  of  refraction  or  refractive  index.    In  the  examples  given  for  air  and 

crown  glass,  -; —  ^^  1*608,  and  this  number  consequently  gives  the  value  of 

the  refractive  index,  or  n,  for  this  kind  of  glass. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  305. 

If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 
change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  the 

simple  law,  n  =  -. — ,  holds  true  here  also,  so  long  as  the  medium  is  isotropic. 


*  See  8.  P.  Thompflon  (Lieht  Visible  and  Invisible,  1897),  who  develops  the  formulas 
for  leoseii,  etc,  on  the  basis  of  light- waves  instead  of  light-rays. 
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299.  Belation  of  Befiractive  Index  to  Light-velocity.— The  discussion  of  the 
precediug  article  shows  that  if  n  is  the  refractive  index  of  a  given  substance 
for  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v  the 
velocity  in  the  given  medium,  then 

V 
n  =  — . 

V 

For  two  media  whose  indices  are  n,  and  ?i,  respectively,  it  consequently  follows 
that 

Therefore,  The  indices  of  refraction  of  two  given  media  for  a  certain  wave* 
length  are  inversely/  proportional  to  their  relative  light-velocities. 

Since  light-waves  are  propagated  by  a  transverse  motion  in  the  ether  which 
pervades  the  given  body,  and  is  as  it  were  weighted  down  by  its  molecules,  it  is 
obvious  that  the  velocity  of  the  light-wave  itself  is  measured  by  the  rate  of 
this  transverse  motion  in  the  ether;  hence  for  waves  of  the  same  length  traveling 
through  media  of  different  refractive  power,  this  latter  velocity  of  transverse 
vibration  is  inversely  proportional  to  the  refractive  indices. 

300.  Principal  Refractive  Indices. — The  refractive  index  has,  as  stated,  a 
constimt  value  for  every  substance  referred,  as  is  usual,  to  air  (or  it  may  be  to 
a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art.  298  and  will 
be  further  explained  later  that  those  which  are  isotropic,  viz.,  amorphous  sub- 
stances and  crystals  of  the  isometric  system,  can  have  but  a  single  value  of  this 
index.  Crystals  of  the  tetragonal  and  hexagonal  (and  rhombohedral)  systems 
have,  as  later  explained,  two  principal  refractive  indices,  e  and  co,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  triclinic  crystals  have  similarly 
three  principal  indices,  a,  /3,  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 

__and . 

301.  Examples  of  Befiractive  Indices. — The  following  table  includes  the 
values  of  n  for  a  variety  of  substances,  for  sodium  light.  For  minerals  other 
than  those  of  the  isometric  system  the  average  value  (as  defined  in  the 
preceding  article)  is  given  here. 

Ice 1-310  Boracite 1-667 

Water 1-335  FlintGlass 1*702 

Fluorite 1-434  Garnet  (Py rope) .  1-814 

Alum 1-456  Zircon 1-952 

Rock-salt 1-544  Cerussite 1*986 

Quartz 1-547  Sphalerite 2-369 

Ciilcite 1-601  Diamond 2*419 

Crown  ghiss.   ...  1-608  Rutile 2*712 

Aragonite 1-633  Pyrargyrite 3-016 

Barite 1640 

The  refractive  index  for  air  referred  to  the  ether  of  a  vacuum  is  1'000293 
for  a  wave-length  equal  to  that  of  yellow  sodium  light  (A  =  0*0000589  cm.). 
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SOS.  ^ecifle  Befiraotiye  Pow«r.— The  relation  between  the  refractive  index  and  tbe 
chemical  composition  of  a  given  substance  is  expressed  by  what  has  been  called  the  Qlud- 
stone  law,*  namely, 


n-  1 


=  constant. 


Here  n  Is  refractive  index  (for  anisotropic  substunces,  the  mean  index),  and  d  is  the- 
deusity.  The  value  of  the  constaut  is  culled  the  specific  refractive  power.  The  prod  net  of 
the  spKiciflc  refractive  power  into  the  molecular  weight  gives  the  r^raciive  equivalent,  l  hus 
for  quartz,  n  =  1-5,  d  =  2*66,  therefore  the  value  of  the  specific  refractive  power  is  U  2. 
and  the  refractive  equivalent  is  equal  to  this  number  muliiplied  into  the  molecular  weight 
(60)  or  12  6<  =  0-2  X  60).    Similarly  the  value  obtained  f  for  CaO  is  13-3,  and  for  MgO  J  7  1. 

In  the  case  of  a  complex  molecule,  it  is  assumed  that  the  sum  of  the  refractive  equiva- 
leiits  of  the  parts  of  the  molecule  divided  by  the  sum  of  the  corresponding  molecular  weights 
is  equal  to  the  specific  refractive  power  of  the  given  compound.  Thus  for  grossular  garnet 
whose  formula  may  be  written  BCaO.AlaOt.SSiOa,  the  above  relations  give 


S  X  13-3  +  19-7  4-  3  X  12-6 


8  X  66  +  103  4-  3  X  00 


=  0-216. 


Further, 


n  —  1  _  w  —  1 


=  0*216,  and  n  =  1  756 ;  experiment  gives  n  =  1*747. 


303.  Total  Refleetion.    Critical  Angle. — In  regard  to  the  principle  stated 


in  Art.  298  and  expressed  by  the  equation  n  = 


sin  % 


sin  r 


two  points  are  to  be 


noted.  First,  if  the  angle  %  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0;  in 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  500)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
into  the  second  medium  without  deviation,  but  with  a  change  o^  velocity. 

Again,  if  the  angle  i  =  90°,  then 
sin  f  =  1,  and  the  equation  above  ^^^• 

1.1  ^ 

becomes  n  =  —, —  or  sin  r  =  -.   As 

sin  r  n 

n  has  a  fixed  value  for  every  sub- 
stance, it  is  obvious  that  there  will 
also  be  a  corresponding  value  of  the 
angle  r  for  tne  case  mentioned. 
From  the  above  table  it  is  seen  that 

for  water,  sin  r  =       ,.,  and  r  =  48° 


31';  for  crown  glass,  sin  r  =  ^^ 
and  r  =  38®  27';  for  diamond,  sin  r 
^     and  r  =  24°  25'. 


2-4*^ 


the 
surface 


greater  than  38**  27'  will  not  emerge  at  all,  but  suffer  total  reffectifni,  being 
returned  in  the  direction -4  (?'.  The  surface  of  glass  illuminated  from  beneath 
in  the  direction  last  named  has  a  brilliant,  almost  metallic  luster.    This  is  the 

•  See  Mallard.  Tr.  Crist.,  2,  476  et  seq.  1884  ;  Roseubuscb,  Mikr.  Pbys.,  1,  157   1892. 
t  A  lable  of  these  values  is  given  by  Mallard  and  reproduced  by  Rosenbuscb. 
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appearance  also,  under  like  conditions,  of  the  surface  of  a  transparent  solid — 
for  example,  of  a  glass  prism  or  a  cut  gem.  The  value  of  r  thus  found  is  called 
the  critical  angle ;  the  smaller  this  angle  the  greater  the  apparent  brilliancy 
of  the  given  substance. 

The  relative  refractive  power  of  a  given  substance  compared  with  that  of 
the  enclosing  medium  {e.g.,  Canada  balsam  with  Uy  =  1*539)  determines  on 
the  principle  of  total  reflection  whether  the  surface  appears  rou^h  with  dark 
cracks  ('Miigh  relief^')  as  in  garnet  and  zircon,  or  smooth  and  even  ('4ow 
relief'^  as  in  quartz. 

304.  Determination  of  the  Befiraotive  Index. — By  means  of  a  prism,  as 
MNP  in  Fig.  502,  it  is  possible  to  determine  the  value  of  n,  or  refractive 

index  of  a  given  substance.  The  angle  of  the 
prism  MNPy  a,  is,  in  each  case,  measured  in 
the  same  manner  as  the  angle  between  two  faces 
of  a  crystal,  and  then  the  minimum  amount  of 
deviation  (d)  of  a  monochromatic  ray  of  light, 
^9*9  yellow  sodium  light,  passing  from  a  slit 
through  the  prism  is  also  determined.  The 
amount  of  deviation  of  a  ray  in  passing  through 
the  prism  varies  with  its  position;  but  when  the 

prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the  prism, 

that  is,  with  the  normals  (t  =  i^  Fig.  502),  when  entering  and  emerging,  this 

deviation  has  2k  fixed  minimum  value. 

If  (^  =  the  minimum  deviation  of  the  ray,  and  a  =  the  angle  of  the  prism, 

then 

sin  \la  +  d) 

n  = .     ,        \ 

sm  ia 

The  application  of  this  method  is  given  in  a  later  article.  Several  other 
methods  are  also  explained — for  example,  one  depending  upon  total  reflection. 

305.  Dispersion. — Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  furtner  true  that 
the  amount  of  refraction  differs  for  the  waves  of  different  length,  that  is, 
the  different  colors  of  which  ordinary  white  light  is  composed,  being  greater 
for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be  passed 
through  a  prism,  as  in  Fig.  502,  it  will  not  only  be  refracted,  but  it  wul  also 
suffer  (lispersio^i  or  be  separated  into  its  component  colors,  thus  forming  the 
prismatic  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  entering  the  new  medium  than  the  violet  waves,  which  are  shorter  anS 
whose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  red  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2*40845  red  (lithium  flame). 

2*41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

306.  Speotrosoope. — The  instrument  most  simply  used  for  the  analysis  of 
the  light  by  dispersion  is  familiar  to  all  as  the  spectroscope.*    In  it  the  light 

*  A.  de  Gramont  has  shown  that  the  direct  spectroscopic  examination  of  many  minerml 
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from  the  given  sonrcey  received  through  a  narrow  slit  in  the  end  of  one  tube^ 
is  made  to  fall  as  a  plane-wave  (that  is,  as  a  ''  pencil  of  parallel  rays  ")  upon  one 
surface  of  a  prism  at  the  center,  and  the  spectrum  produced  is  viewed  through 
a  suitable  telescope  at  the  end  of  a  second  tube. 

If  the  light  from  an  incandescent  solid — which  is  "  white  hot ''  (Art.  294)-t- 
is  viewed  through  the  spectroscope,  the  complete  baud  of  colors  of  the 
spectrum  is  seen  from  the  red  through  the  orange,  yellow,  ^reen,  blue,  to  the 
violet.  If,  however,  the  light  from  an  incandescent  vapor  is  examined,  it  is 
found  to  give  a  spectrum  consisting  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it — as  the  yellow  line  (double  line)  of 
sodium  vapor;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
green,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  iron 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

307.  Absorption.— Of  the  light  incident  upon  the  surface  of  a  new  medium, 
not  only  is  part  reflected  (Art.  296)  and  part  transmitted  and  refracted 
(Art.  297),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part  also 
during  the  transmission.  Physically  expressed,  absorption  in  this  case  means 
the  transformation  of  the  ether- waves  into  sensible  heat,  that  is,  into  the 
motion  of  the  molecules  of  the  bod^  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmitted  light,  because  in  the  trans- 
mission of  the  light- waves  through  it,  it  absorbs  all  except  those  which 
together  produce  the  effect  of  red.  For  the  same  reason  a  piece  of  jasper 
appears  red  by  reflected  light,  because  it  absorbs  part  of  the  light-waves  at  the 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
effect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;  that  is,  a  given  body  absorbs 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave- length  only.  Thus,  if  transparent  pieces  of  glass  of  different  colors  are 
held  in  sutcession  in  the  path  of  the  white  light  which  is  passing  into  the 
spectroscope,  the  spectrum  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  parts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consequence  of  this,  a  section  of  a  mineral 
containing  them  often  gives  a  characteristic  absorption  spectrum. 

The  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incandescent 
mass  of  the  sun. 

308.  Diffiraction. — When  monochromatic  light  is  made  to  pass  through  a 
narrow  slit,  or  by  the  sharp  edge  of  an  opaque  body,  it  suffers  diffraction,  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  oands,  growing  fainter  on  the  enter  limits.  Their  presence 
is  explained  (see  Arts.  312,  313)  as  due  to  the  interference,  or  nintnal 
reaction,  of  the  adjoining  systems  of  waves  of  light,  that  is,  the  initial  lior])t- 
waves,  and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the 
slit  in  question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  as 
compared  with  the  wave-length  of  the  light.     If  ordinary  light  is  employed. 


^pccien  (cnlena,  pyrlte)  terves  ns  n  method  of  qualitative  analysis  nnd  gives  interesting 
results.    ISiill.  See.  Min.,  18,171-873,  1895. 
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the  phenomena  are  the  same^  and  for  the  same  causes^  except  that  the  bands 
are  successive  colored  spectra. 

Diffraction  spectra,  explained  on  tbe  principles  alluded  to,  are  obtained  from  diffraction 
gratings.  These  gratings  consist  of  a  series  of  extremely  fine  parallel  lines  (say  15,000  or 
§0,000  to  au  iucli)  ruled  witli  great  regularity  upon  glass,  or  upon  a  polished  surface  of 
speculum  meUil.  The  glass  grating  is  used  with  transmitted,  and  the  speculum  grating 
with  refiected.  light;  the  Rowland  grating  of  the  latter  kind  has  a  concave  surface.  £acn 
grating  gives  a  number  of  spectra,  of  the  first,  second,  third  order,  etc.  These  spectra 
have  the  advantage,  as  compared  with  those  given  by  prisms,  that  the  dispersion  of  the 
different  colors  is  strictly  proportional  to  the  wave-leugth. 

309.  Doable  Befraction.— In  the  discussion  of  Art.  297,  applying  to 
isotropic  media,  it  was  shown  that  light-waves  passing  from  one  meaium  into 
another,  which  is  also  isotropic,  suffer  simply  a  change  in  wave-front  in  con- 
sequence of  their  change  in  velocity.  In  anisotropic  media,  however,  which 
include  all  crystals  but  those  of  the  isometric  system,  there  are,  in  general, 
two  wave-systems  propagated  with  different  velocities  and  only  in  certain 
limited  cases  is  it  true  that  the  light-ray  is  normal  to  the  wave-front.  This 
subject  cannot  be  adequately  explained  until  the  optical  properties  of  these 
media  are  fully  discussed,  but  it  must  be  alluded  to  here  since  it  serves  to 
explain  the  familiar  fact  that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted  rays,  or,  in  other 
words,  show  double  refraction. 

The  most  familiar  example  of  this  property  is  furnished  by  the  mineral 
calcite,  also  called  on  account  of  this  property  "doubly-refracting  spar.** 
If  vinop  (Fig.  503)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets  it 

at  by  it  will,  in  passing  through,  be  divided  into  two  rays, 
bcy  b(L  For  this  reason,  a  dark  spot  or  a  line  seen  through 
a  piece  of  calcite  ordinarily  appears  double.  As  implied 
above  and  also  in  Art.  300  the  same  property  is  enjoyed  by 
all  crystallized  minerals,  except  those  of  the  isometric 
system.  The  wide  separation  of  the  two  refracted  rays  by 
calcite,  which  n)akos  the  phenomenon  so  striking,  is  a  con- 
sequence of  the  lar<ro  difference  in  the  values  of  its  indices 
of  refraction,  in  other  words,  as  technically  expressed,  it  is 
due  to  the  strength  of  its  double  refraction,  or  its  birefringence. 

310.  Double  refraction  also  takes  place  with  the  anisotropic  media  just 
mentioned,  in  the  majority  of  cases,  even  when  the  incident  light  is  perpen- 
dicular to  the  surface.  If  the  medium  belongs  io  the  uniaxial  class  (see  p.  192 
(7  seq.),  one  of  the  rays  always  retains  its  initial  direction  normal  to  the  sur- 
face; but  the  other,  except  in  certain  special  cases,  is  more  or  less  deviated 
from  it.  With  a  biaxial  substance,  further,  both  rays  are  usually  refracted  and 
tlirown  oiit  of  their  original  direction.  In  the  case  of  both  unaxial  and 
biaxial  media,  however,  it  is  still  true  that  the  wave-normal  remains  um:e- 
fracted  wich  perpendicular  incidence. 

311.  Interference  of  Waves  in  General. — The  subject  of  the  interference 
of  liirht-wavos,  alluded  to  in  Art.  308,  requires  detailed  discussion.  It  is 
one  of  £:rcat  importance,  since  it  servos  to  explain  many  common  and  beautiful 
phenomena  in  the  optical  study  of  crystals,  for  example,  the  axial  interference 
figures  shown  on  the  plate  forming  the  frontispiece. 

Referring  again  to  the  water-waves  spoken  of  in  Art.  287,  it  is  easily 
understood  that  when  two  wave-systems,  going  out,  for  example,  from  two 
P^onf  Am  of  disturbance  near  one  another,  come  together,  if  at  a  given  point 
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they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  give  the  particle 
in  question  double  amplitude  of  motion.  On  the  other  hand,  if  at  any  point 
the  two  wave-systems  come  together  in  opposite  phases,  that  is,  half  a  wave- 
length apart,  the  crest  of  one  corresponding  to  the  trough  of  the  other,  they 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions^ 
therefore,  two  sets  of  waves  may  unite  to  form  waves  of  double  amplitude;  on 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other. 
Obviously  an  indefinite  number  of  intermediate  cases  lie  between  these 
extremes.  What  is  true  of  the  waves  mentioned  is  true  also  of  sound-waves 
and  of  wave-motion  in  general.  A  very  simple  case  of  interference  was  spoken 
of  in  connection  with  the  discussion  of  the  waves  carried  by  a  long  rope 
(Art.  289). 

312.  ^terference  of  Light- waves. — Interference  phenomena  can  be  most 
satisfactorily  studied  in  the  case  of  light-waves.  The  extreme  cases  are  as 
follows:  If  two  waves  of  like  length  and  intensity,  and  propagated  in  the  same 
direction,  meet  in  the  same  phase,  they  unite  to  form  a  wave  of  double  intensity 
(double  amplitude).  If,  however,  the  waves  differ  in  phase  by  half  a  wave- 
length, or  an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other. 
For  other  relations  of  phase  they  are  also  said  to  interfere,  forming  a  new 
resultant  wave,  differing  in  amplitude  from  each  of  the  component  waves. 
In  these  cases  monochromatic  light-waves  were  assumed  (that  is,  those  of  like 
length).  If  ordinary  white  light  is  used,  the  waves  in  the  case  of  interference 
will  overlap,  and  their  interference  will  be  indicated  by  the  appearance  of  the 
colors  of  the  spectrum. 

313.  niostrationt  of  Interference. — A  simple  illustration  is  afforded  by  the 
bright  colors  of  very  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  cases.  To  understand  these,  it  is  only  necessary  to  remember 
that  the  incident  light- waves  are  reflected   in  ^q^ 

part  from  the  upper  and  in  part  from  the  lower 
surface  of  the  nlm  or  plate.  Hence  if  the 
thickness  is  very  small,  these  two  reflected 
wave-systems,  when  they  come  together  (repre- 
sented in  Fig.  504  by  the  two  rays  AC,  IW) 
will  differ  from  one  another  in  phase,  and  inter- 
fering give  rise  (in  ordinary  light)  to  the  colored 
phenomena  spoken  of.  It  is  to  be  noted  that 
the  phenomena  of  interference  by  reflection  are 
somewhat  complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of  half  a 
wave-length)  at  the  surface  which  separates  the 
medium  of  greater  optical  density  from  the  rarer  one.  Hence  the  actual 
relation  in  phase  of  the  two  reflected  rays,  as  ACy  BD  (supposing  them  of 
the  same  wave-length)  is  that  determined  by  the  retardation  due  to  the 
greater  length  of  path  traversed  by  Bd,  together  with  the  loss  of  a  half  wave- 
length due  to  the  reversal  of  phase  spoken  of.  As  shown  in  the  figure,  there 
are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  gltiss  surface 
(Fig.  505),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  rives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  fight  and  dark  rings,  called  Newton^s  rings.  The  dark 
center  is  due  to  the  interference  of  tne  incident  and  reflected  waves,  the 
latter  half  a  wave-length  behind  the  former.    The  light  rings  correspond 
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to  the  distances  where   the  two  sets  of  reflected  waves  meet  in  the  same 

506.  phase,  that  is  (noting   the  explanation 

above)   where   the   retardation  of  those 
_^  having  the  longer  path  is  a  half  wave- 


{    length  or  an  odd  multiple  of   this  (^A, 

jA,  |A^  etc.).  Similarly  the  dark  rings 
fall  between  these  and  correspond  to  the  points  where  the  two  waves  meet 
in  opposite  phase,  the  retardation  being  a  wave-length  or  an  even  multiple 
of  this.  The  rings  are  closer  together  with  blue  than  with  red  because  of 
their  smaller  wave-length.  In  each  of  the  cases  described  the  ring  is  properly 
the  intersection  on  the  plane  surface  of  the  cone  of  ravs  of  like  retardation. 

In  ordinary  white  light  iliere  can  be  no  dark  rings  because  of  the  difference 
of  length  of  the  component  waves;  on  the  contrary,  the  overlapping  of  these 
waves  produces  a  series  of  colored  rings,  each  showing  the  successive  colors  of 
the  spectrum.  The  series  of  colors  are  distinguished  as  of  the  first,  second, 
third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  number  of  times 
as  the  waves  overlap.  After  a  certain  number  of  waves  have  overlapped  in 
this  way,  white  light  ("  of  a  higher  grade")  results. 

Similarly  in  the  case  of  the  thin  plate  in  white  light,  a  certain  thick- 
ness and  consequent  retardation  produces  a  superposition  of  the  waves 
which  yields,  for  example,  a  shade  of  red;  a  greater  thickness  (and  retarda- 
tion) a  red  of  the  second  order,  etc.  If  the  plate  is  not  very  thin,  simple 
white  is  reflected  from  it. 

Another  raost  satisfuctory  illustmtion  of  the  interference  of  light-wnves  is  given  by 
means  of  the  diffniction  gratings  spoken  of  in  Art.  808.  but  tlie  subject  cnnnot  be  further 
discussed  in  this  place. 

Other  cases  of  the  composition  of  two  systems  of  light-waves  will  be  con- 
sidered after  some  remarks  on  polarized  light. 

314.  Polarization  and  Polarized  Light. — Ordinary  light  is  propagated  by 
transverse  vibrations  of  the  ether  which  take  place  alike  in  all  planes  about 
the  line  of  propagation.  A  ray  of  ordinary  light  is,  therefore,  alike  or  sym- 
metrical in  all  directions  about  this  line;  it  may  be  most  simply  thought  of  as 
being  propagated  by  two  equal  sets  of  transverse  vibrations  taken  in  any  two 
planes  at  riglit  angles  to  each  other. 

Plane-polnrized  light,  on  the  other  hand,  as  stated  briefly  in  Art.  291,  is 
propagated  by  ether-vibrations  which  take  place  in  one  plane  onlt/.  The 
change  by  which  ordinary  light  is  changed  into  a  polarized  light  is  called 
polarization,  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibration 
is  called  the  plane  of  polarization.* 

Polarization  may  be  accomplished  (1)  by  reflection  and  by  single  refraction, 
and  (*2)  by  <lonble  refraction. 

315.  Polarization  by  Eeflection  and  Single  Refraction. — In  general,  light 
which  lias  sufTerod  reflection  from  a  surface  like  that  of  polished  glass  is  more 
or  less  completely  polarized;  that  is,  the  reflected  waves  are  propagated  by 
vibrations  to  a  larjje  extent  limited  to  a  single  plane,  viz,  (as  assumed)  the 
j)lane  normal  to  the  plane  of  incidence,  which  last  is  hence  the  plane  of 
polarization.  Furthermore,  in  this  case,  the  light  transmitted  and  refracted 
by  the  reflecting  medium  is  also  in  like  manner  partially  polarized;  that  is,  the 


♦This  is  in  accordance  with  tlie  ns^umption  of  Fresnel;  wilii  MacGullajGrb  the  vibration- 
plane  and  plane  of  polarizition  coincide.  All  aml)|guity  is  avoided  by  spcmking  uoiforoily 
of  the  vibration-plane  of  the  light. 
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yibrations  are  more  or  less  limited  to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and 
hence  coinciding  with  the  plane 
of  incidence.  For  a  given  angle 
of  incidence,  varyinff  for  each 
sabstance,  bat  such  that  the  re- 
flected and  refracted  rays  {AB 
and  AC,¥ig.  506)  make  an  angle 
of  90^  with  each  other,  this  po- 
larization is  a  maximum.  For 
this  case  it  is  hence  true,  if  we 
represent  this  angle  of  polariza- 
tion by  i,  that 

tan  t  =  n. 

This  law,  established  by  Brewster,  may  be  stated  as  follows : 

77ie  angle  of  polarization  i«  that  angle  whose  tangent  is  the  index  of  refrac- 
tion of  the  reflecting  substance.  For  crown  glass  this  angle  is  about  58*  (see 
Fig.  506).  If  light  suffers  repeated  reflections  from  a  series  of  thin  glass  plates, 
the  polarization  is  more  complete,  though  its  intensity  is  weakened.  Metallic 
surfaces  polarize  the  lifi;ht  very  slightly. 

If  the  polarized  light-waves  fall  upon  a  second  similar  reflecting  surface  at 
the  same  angle,  they  will  be  reflected  again  unchanged,  on  the  condition  that 

the  two  planes  of  incidence  (and  hence  the  two 

f  lanes  of  polarization)  of  the  two  mirrors  coincide, 
f,  however,  these  planes  are  at  right  angles  to  each 
/^"^^  other,  the  light  polarized  by  the  first  mirror  will  be 

/^P\^^  extinguished  by  the  second.     As  the  polarization  is 

Vrl      ^*^«  in  no  position  absolutely  complete,  the  light  is  not 

completely  arrested,  but  only  reduced  to  a  mini- 
mum in  the  second  position. 

This  case  is  illustrated  by  Fig.  507.  Here  the 
incident  ray  AB  is  reflected  by  the  first  mirror  mn 
in  the  direction  /^Cand  polarized  in  a  plane  normal 
to  the  plane  of  incidence  -  the  angle  ABH  being 
equal  to  the  angle  of  polarization.  If  now  the 
second  mirror  occupy  either  of  the  positions  op  or 
o'p\  the  planes  of  incidence  (and  of  polarization)  of 
both  mirrors  coincide  and  the  light-ray,  BC,  is, 
therefore,  reflected  a  second  time  in  the  direction  of  oZ>,  or  oD\  If,  however, 
the  second  mirror  be  revolved  about  a  vertical  axis  the  reflected  light  becomes 
gradually  weaker  and  is  sensibly  extinguished  when  the  two  planes  of  inci- 
dence are  at  right  angles  to  each  other. 

316.  Folarkation  oy  Doable  Refraction. — When  light  in  passing  through  a 
crystalline  medium  is  doubly  refracted  (Art.  309)  or  divided  into  two  sets  of 
waves,  it  is  always  true  that  both  are  completely  polarized  and  in  planes  at 
rit'ht  angles  to  each  other.  This  subject  can  only  be  satisfactorily  exj)]ained 
after  a  full  discussion  of  the  properties  of  anisotropic  crystalline  media,  but  it 
may  be  alluded  to  here  since  this  principle  gives  the  most  satisfactory  mothod 
of  obtaining  polarized  light.  For  this  end  it  is  necessary  that  one  of  the  two 
wave-systems  should  be  extinguished,  so  that  that  due  to  a  single  set  of  vibra- 
tions only  is  transmitted.  This  is  accomplished  by  natural  absorption  in  the 
case  of  tonniudiiie  plates  and  by  artificial  means  in  the  nicol  prisms  of  calcite. 
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317.  PolariMd  Light  by  Absorption.— If  from  a  cryetal  of  tonrmaline,  which 
is  suitably  transparent,  two  Gectioiis  be  obtained,  each  cut  parallel  to  the 
vertical  axis,  it  will  be  found  that  these,  when  placed  together  with  the  direc- 
tion of  their  axes  coinciding,  allow  the  light  to  pass  throueh.  If,  however, 
one  section  is  revolved  upon  the  other,  lees  and  less  of  the  light  Ib  transmitted, 
until,  when  their  axes  are  at  right  angles  (90°)  to  each  other,  the  light  is 
(almost  ]>erfectly)  extingnished.  As  the  revolution  is  continued,  more  and  more 
light  is  obtftinod  through  the  sections,  and  after  a  revolution  of  180°,  the  axes 
being  ngnin  parallel,  the  appearance  is  as  at  first.  A  further  revolution  (270°) 
brings  the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second 
time  extinguished,  and  so  on  around. 

The  explanation  of  this  phenomenon,  so  far  aa  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  reflection.  Each 
plate  doubly  refracts  tlie  light ;  but  one  of  the 
two  seta  of  waves  is  absorbed,  and  only  that  set 
whose  vibrations  are  parallel  to  the  vertical  axis 
,  are  transmitted.  If  now  the  two  plates  are  placed 
;i  the  same  position,  abdc,  and  e/Ag  {Fig.  508), 
the  light  passes  through  both  in  snccesaion.  If, 
,  however,  tiio  one  is  turned  upon  the  other,  only 
that  portion  of  the  light  can  pass  tbrongh  which 
vibrates  still  in  the  direction  ac.  This  portion 
is  determined  by  the  resolution  of  the  existing 
I  accordance  with  the  principle  of  the  parallelogram  of  forces. 
Consequently,  when  the  sections  stand  at  right  angles  to  each  other  (Fig.  509) 
the  amount  of  transmitted  light  is  nearly  zero,  that  is,  the  tight  is  extinguished. 
Instead  of  tourmaline,  an  artificial  salt,  the  sulphate  of  iodoqninine  (hera- 
pathite)  is  sometimes  employed,  bnt  it  has  little  practical  value. 

318.  Polfwised  Light  by  Niool  Priims. — The  most  satisfactory  ntethod  of 
obtaining  polarized  light  is  by  means  of  a  prism  of  transparent  calcite  (Iceland 

'  "  ■       .  ■        YQ^yj.^      i  "  ■  "  " 


vibrations  i 


1  the  prism  early  constructed 


spar).  Pig,  510  shows  the  principle  iiivol 
by  Sicol,  which  transmits  one  only 
of  tbe  two  refracted  rays,  that  re- 
presented by  the  line  bdt  (the  extra- 
ordinary ray,as  laterdofined).  The 
other  raj',  *<■,  suffers  total  reflection 
at  the  surface  where  the  two  sec- 
tions are  united  together  by  Canada 
balsam  aiul  is  thou  absorbed  bv  the 
black  surface  of  tho  sides,  llere 
the  vortical  faces  are  natural  cleav- 
age-faces; tJie  face  i'J'  is  ground 
on  so  as  lo  make  an  angle  of  ti8° 
with  the  obtuse  vertical  angle;  the 
]U'i£m  so  formed  is  cut  diagonally 
across  (////),  and  then  the  parts 
cemented  together.  This  form  of 
prism,  as  well  as  others  somewhat 
dilferent  in  form  but  accomplishing 
the  same  end  with  the  use  of  less 
material,  is  ordinarily  called  a  Nicol 
prism,  or  briefly  a  nicoL    The  Bection  of  the  ordinary  oiool  of  Fig.  510  ia 
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lozenge-sbaped  (Fig.  511);  the  plane  of  polarization,  PPy  passes  through  the 
acute  angles  oi  the  cross-section,  and  the  vibration-plane,  here  as  usual 
represented  by  a  double-headed  arrow,  passes  through  the  obtuse  edges.  The 
other  prisms  alluded  to  may  have  a  rectangular  cross-section.  The  vibration- 
plane  can  be  readily  determined  in  any  case  by  examining  with  it  the  light 
reflected  from  some  suitable  surface  {e.g.,  of  a  wood  table).  Twice  in  a  revolu- 
tion of  the  prism  through  3G0°  about  its  axis  this  light  will  be  weakened  ; 
when  this  is  true,  the  vibration-plane  of  the  prism  must  be  perpemliculiir  to 
that  of  the  partially  polarized  reflected  light,  that  is,  it  must  be  vertical,  since 
the  latter  is  taken  as  horizontal. 

319.  Polaiiscope.  Polarizer.  Analyzer. — The  combination  of  two  iiicols,  or 
other  polarizing  contrivances,  for  the  examination  of  a  substance  in  polarized 
light  is  called,  m  general,  n  polar iscope;  the  common  forms  are  described  later. 
In  any  polariscope  the  prism,  or  other  contrivance,  which  polarizes  the  light 

fiven  from  the  outside  source  is  called  the  polarizer;  the  other  is  the  analyzer. 
f  the  prisms  have  their  vibration-planes  at  right  angles  to  each  other,  they  are 
said  to  be  crossed;  the  incident  light  polarized  by  the  polarizer  is  then 
extinguished  by  the  analyzer;  briefly,  it  is  said  to  suffer  extinct  ion, 

320.  Interference  of  Plane-polarized  Waves.  Interference-colors.  —  The 
simplest  case  of  the  interference  (Art.  312)  of  polarized  light  to  consider  is 
that  where  the  two  light-waves,  or,  more  simple  expressed,  two  rays,  are  polar- 
ized in  the  same  plane.  They  may  then  interfere  to  extinguish  each  other, 
or  they  may  give  rise  to  beautiful  color-effects. 

Suppose,  for  example,  that  in  a  polarization-microscope  (Art.  328)  parallel 
light  passes  upwards  through  the  lower  nicol,  whose  vibnition-plane  is  shown 
in  the  cross-section  of  Fig.  512  by  the  arrow  A  A ;  5^2. 

this  light  is  polarized  in  a  single  plane     Now  let  ^  ' 

this  polarized  light  pass  through  a  thin  cleavage- 
plate  of  seleuite;  it  will  in  general  be  separated 
into  two  rays,  each  polarized  in  planes  at  right 
angles  to  the  other,  having  a  definite  position 
peculiar  to  this  substance.  Thus,  in  Fig.  512,  if 
ahcd  represents  the  selenite  plate,  its  vibration-  B-^ 


planes  nave  the  directions  of  the  dotted  arrows. 
The  two  rays  corresponding  to  them  travel  through 
the  section  with  unequal  velocity,  and  on  emerging 
one  is  slightly  retarded  as  compared  with  the 
other  Now  let  these  light-rays  pass  through  a 
second  nicol,  with  its  vibration-plane  at  right 
angles  to  tliat  of  the  first  nicol,  that  is,  in  the  direction  of  the  arrow  BB.  Then 
each  of  the  two  sets  of  vibrations  (represented  by  the  dotted  arrows)  will  have 
a  component  in  the  direction  of  BB,  and  these  will  emerge  now  polarized  in 
the  same  plane,  and  hence  capable  of  interfering,  for  light-rays  can  only  thus 
completely  interfere  when  their  vibrations  are  in  a  common  plane.  Further, 
an  amount  of  light  corresponding  to  the  other  components  (in  the  direction 
AA)  will  be  extinguished.  One  of  these  emergent  rays  is,  as  stated,  sli<^htly 
retarded  as  compared  with  the  other.  The  amount  of  this  retardutiuii 
obviously  varica  with  the  strength  of  the  double  refraction  (in  this  case  y  — a). 
and  also  with  the  thickness  of  the  section  taken.  The  interference-color  oi: 
the  sectioD,  supposing  ordinary  light  to  be  used,  depends  upon  these  two  con- 
ditions, and  may  be  calculated  for  a  given  substance.  Thus  a  plate  of  selenite 
of  a  thickness  of  0*055  mm.  will  give  a  red  (of  i\\Q  first  order),  and  if  thinner. 
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a  yellow  or  gray.  As  the  thickuess  increases,  the  colors  (now  of  the  second 
order)  pass  through  successive  shades  of  blue,  green,  yellow,  orange,  and  if  the 
plate  is  of  sufficient  thickness  a  second  red  and  so  on  (see,  further.  Arts.  359 
and  382).  A  mineral  of  very  strong  double  refraction,  as  calcite,  shows  only 
the  white  of  the  higher  order  unless  extremely  thin. 

If  the  section  had  happened  to  have  the  position  of  a'Vc'd'  (Fig.  512),  its 
vibration-planes  would  have  coincided  with  those  of  the  two  nicols,  and  the 
light,  after  passing  through  the  first  nicol  and  the  section,  would  have  been 
propagated  by  vibrations  in  the  direction  A  A  only,  and  hence  have  been  com- 
pletely extinguished  by  the  second  nicol.  'J'he  plate  would  then  have  appeared 
dark. 

The  successive  interference-colors*  of  the./!r«<  <?rd^' pass  from  an  iron  gray  through 
bluisb-gniy  to  white,  yellow,  and  red  ;  then  follow  iudigo,  blue»  green,  yellow,  orange,  and 
red  of  the  Beeond  order;  then  the  suniiar  hut  paler  series  of  colors  of  the  Uiird  order,  and 
finally  the  very  pale  shades  of  green  and  red  of  the  fourth  order.  Beyond  this  the  colors 
are  not  very  distinct ;  white  of  a  higher  order  finally  results  from  the  interference. 

An  excellent  colored  plate  showing  these  colored  hands  is  given  by  L6vy  and  Lacroii 
(Les  Mineraux  des  Roches.  1888).  It  is  so  arniuged  as  to  give  the  thickness  of  the  iiectioo 
of  a  given  mineral  (all  important  species  present  in  rocks  being  included)  which  will  yield 
any  one  of  the  different  shades  of  color  mentioned.  The  use  to  which  such  a  plate  may  be 
put  in  the  practical  determination  of  the  birefringence  of  a  given  mineral  will  be  referred 
to  later. 

321.  Complementary  Colois  in  Polarized  Light. — If  in  the  examination  of  the 
selenite  plate,  as  just  described  (Art.  320),  one  of  the  nicols  had  been  rotated 
90°,  or,  in  other  words,  if  the  vibration-planes  of  the  two  nicols  had  been  made 

Parallel,  then  it  is  obvious  that  interference  would  also  have  taken  place 
etween  the  emerging  rays,  but  the  color  resulting  in  each  case  would  have 
been  exactly  the  complementary  tint  to  that  obtained  at  first  when  the  nicols 
were  crossed.  The  section  in  the  position  a'Vc'd'  between  parallel  nicols 
obviously  would  appear  white. 

322.  \\\  the  preceding  articles  the  two  interfering  light-rays,  after  emerging 
from  the  second  nicol,  were  assumed  to  be  polarized  in  the  same  plane;  for 
them  the  resulting  phenomena  as  indicated  are  comparatively  simple.  If, 
however,  two  plane-polarized  rays  propagated  in  the  same  direction  have  their 
vibration-directions  at  right  angles  to  each  other,  and  if  they  differ  one-quarter 
of  a  wave-length  (JA)  in  phase  (assuming  monochromatic  light),  then  it  may 
easily  be  shown  that  the  composition  of  these  two  systems  results  in  a  ray  of 
circulnrhj  polarized  light.  Briefly  expressed,  this  is  a  ray  which  looked  at 
end-on  would  seem  to  be  propagated  by  ether- vibrations  taking  place  in  circles 
about  the  line  of  transmission.  From  the  side,  the  onward  motion  would  be 
like  that  of  a  screw,  and  either  right-handed  or  left-handed. 

If,  again,  two  light-rays  meet  as  above  described,  with  a  difference  of  phase 
differing  from  \\  (but  not  equal  to  an  even  multiple  of  ^A),  then  the  resulting 
composition  gives  rise  to  elliptically  polarized  light,  that  is,  a  light-raj 
propagated  by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized  light 
through  a  doubly  refracting  medium  of  the  proper  thickness  (e,(jf,,  a  mica  plate) 
which  is  placed  with  its  vibration-planes  inclined  45**  to  that  of  the  polarizer. 
If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  ^A  or  an  oda  multiple 
of  tliis,  the  light  which  emerges  is  circularly  polarized.     If  the  phase  differs 

from  :^A  (but  is  not  equal  to  —  or  A),  the  emergent  light  is  elliptically  polarized. 

*  See  further  the  table  given  in  the  following  article :  also  the  ezplanatkni  of  lb* 
**  ultra-blue  *'  on  p.  428. 
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The  followiDg  table  from  Kleiu  *  gives  the  relation  between  the  retardation  from  J<1  to 
2A  iX  —  wave-leugth)  for  a  section  of  a  doubly  refmciive  siibsttmce,  the  interference-color 
it  yields,  and  the  state  of  the  transmitted  light  as  regtirds  polarization.  Tiie  section  is  sup- 
posed to  lie  observed  iu  ^wrallel  sodium  light  witli  crossed  nicols  ;  fuither,  the  vibnit ion- 
direction  a)rrespoudiDg  to  the  greater  refractive  index  iu  the  section  runs  from  left  in  front 
iO  right  behind. 


Rrtnrdtttion 

Interference-color 

^r^ »            w             ^     ^F^       •               •               ■   • 

for  Na  light. 

Nicolfl  (+),  white  light. 

Kind  of  Polanzation. 

i^ 

Lavender-gray 

1st  Order 

Elliptic,  right-handed. 

i^ 

Qrayish-blue 

Circular, 

1^ 

Clearer-gray 

Elliptic, 

H 

Pale  straw-yellow 

Hanepolarized, 

fA 

Bright  yellow 

Elliptic,  left-handed. 

u 

Brow  Dish -yellow 

Circular, 

u 

Orange 

Elliptic, 

X 

Red 

Fla  ne-pularizeiL 

U 

Indigo 

2d  Order 

Elliptic,  right-handed. 

U 

Azure-blue 

«« 

Circular,           ** 

V^ 

Green 

<« 

Elliptic, 

1^ 

Brighter  green 

M 

Hanepolarized. 

VA 

Yellow 

« 

Elliptic,  left-handed. 

VA 

Orange 

M 

Circular,         " 

VA 

Reddish-orange 

«« 

Elliptic, 

2X 

Dark  violet-red 

« 

PUinepolarvied. 

323.  Cryitals  Oiying  Circnlar  Polarization.— In  the  case  of  certain  doubly 
refracting  crystallized  media  (as  quartz)^  and  also  of  certain  solutions  (as  of 
sagar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
Tibrat ions  which  take  place,  not  in  definite  transverse  planes— as  in  plane- 
polarized  light — bnt  in  circles  ;  that  is,  each  ray  is  circularly  polarized,  one 
oeing  right-handed,  the  other  left-handed.  Further,  of  these  rays,  one  will 
uniformly  gain  with  reference  to  the  other.  The  result  is,  that  if  a  ray  of  plane- 
polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  case,  21s  of  a 
section  of  quartz  cut  normal  to  the  axis),  it  is  found  that  the  two  rays  circularly 
polarized  within  unite  on  emerging  to  a  plane-polarized  ray,  but  the  plane  of 
polarization  has  suffered  an  angular  change  or  rotation,  which  may  be  either 
to  the  right  (to  one  looking  in  the  direction  of  the  rav),  when  the  substance 
is  said  to  be  right-handed,  or  to  the  left,  when  it  is  calhMl  hff-hnn fieri. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any  of  the  groups  of  lower  symmetrv  than  the  normal 
group  which  show  a  plagihedral  development  of  the  faces:  t  or,  more  simply, 
those  in  which  the  corresponding  right  and  loft  (or  +  and  — )  typical  forms 
are  enantiomorphous  (pp.  50,  82),  as  noted  in  the  chapter  on  crvstallo<rra])bv. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  the  rhombohedral-trapessohedral  group,  and  a  further  discussion  of  it  is 
postponed  to  a  later  page  (Art.  366). 


•  Ber.  Ak.  Berlin.  221,  1898. 

t  Of  the  tbirly-two  possible  groups  among  crvfltnls.  the  followincr  elovcn  mav  be  rbar- 
•cterized  by  circular  polarization :  Group  4.  p.  50  :  5.  p.  51 ;  11  and  12,  p.  03;*  17,  p.  78, 
28,  p.  83  ;  98  and  84,  p.  84;  27,  p.  96;  29.  p.  103  ;  82,  p.  109. 
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OPTICAL  INSTRUMENTS  AND  METHODS. 

324.  Measurement  of  Eefractive  Indices.  Eefraotometer. — For  the  deter- 
mination of  the  refractive  indices  of  crystallized  minerals  various  methods  are 
employed.  The  most  accurate  results,  when  suitable  material  is  at  hand,  may 
be  obtained  by  the  ordinary  refractometer.  This  requires  the  observation  of 
the  angle  of  minimum  deviation  (6)  of  a  light-ray  on  passing  through  a  prism 
of  the  given  material,  having  a  known  angle  (a),  and  with  its  edge  cut  in  the 
proper  direction.  The  measurements  of  a  and  6  can  be  made  with  an  ordinary 
refractometer  or  with  the  horizontal  goniometer  described  in  Art.  210.  For 
the  latter  instrument,  the  collimator  is  made  stationary,  being  fastened  to  a  leg 
of  the  tripod  support,  but  the  observing  telescope  with  the  verniers  moves 
freely.  Further,  for  this  object  the  graduated  circle  is  clamped,  and  the  screw 
attachments  connected  with  the  axis  carrying  the  support,  and  the  vernier 
circle  and  observing  telescope  are  loosened.  Light  from  a  monochromatic 
source  passes  through  an  appropriate  slit  and  an  image  of  this  is  thrown 
by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance  two 
images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured  for 
each;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  discussed 
later.  In  cases  where  the  highest  degree  of  accuracy  is  desired  sunlight  is 
emi)loyed  and  the  angle  of  deviation  measured  for  the  prominent  Fraunhofer 
lines  (p.  171).  When  a  and  d  are  known  the  formula  in  Art.  304  is  used. 

325.  Total  Reflectometer. — The  principle  of  total  reflection  (Art.  303)  may 
also  be  made  use  of  to  determine  the  refractive  index  No  prism  is  required, 
but  only  a  small  fragment  having  a  single  polished  surface;  this  may  have 
any  direction  with  an  isometric  crystal,  but  in  other  cuses  must  have  a  definite 
orientation,  as  described  later.  The  arrangements  required  (as  developed  by 
F.  Kohlrausch)  are,  in  their  simplest  form,  a  wide-mouthed  bottle  filled  with 
a  liquid  of  high  refractive  power,  as  carbon  disulphide  {/ly  =  1  6442  Na) 
or  o'-bromnaphthalin  {fjy  =  1'6626  Na).  The  top  is  formed  by  a  fixed 
graduated  circle,  and  a  vertical  rod,  with  a  vernier  attached,  passes  through 
the  plate  and  carries  the  crystal  section  on  its  extremity,  immersed  in  the 
liquid.  The  angle  through  which  the  crystal  surface  lying  in  the  axis  is 
turned  is  thus  measured  by  the  vernier  on  the  stationary  graduated  circle. 
The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and  through  this 
passes  the  horizontal  observing  telescope,  arranged  for  parallel  light.  I'he 
rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper,  through  which 
the  diffuse  illumination  from  say  a  sodium  flame  has  access;  the  rear  of  the 
bottle  is  suitably  darkened.  When  now  the  observer  looks  through  the 
telesco])e,  at  the  same  time  turning  the  axis  carrying  the  crystal  section,  he 
will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique  direction,  a 
sharp  line  marking  the  limit  of  the  total  reflection.  The  angle  is  measured  off 
on  the  ^nidujited  circle,  when  this  line  coincides  with  one  of  the  spider  lines 
of  the  telescoj)e.  Now  the  crystal  is  turned  in  the  opposite  direction,  and  the 
ansrle  a^ain  road  off.  Half  the  observed  angle  (2a)  is  the  angle  of  total 
reflection;  if  //  is  the  refractive  index  of  the  carbon  disulphide,  then  the 
required  refractive  index,  n,  is  equal  to 

^4  sin  a. 
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Under  favorable  couditions  the  results  are  accurate  to  four  decimal 
places.  This  method  is  limited,  obviously,  to  substances  whose  refractive 
index  is  less  than  that  of  the  liquid  medium  with  which  the  bottle  is  filled. 

Different  forms  of  total  reflectometers  *  have  been  devised  by  Soret, 
Palf rich,  Czapski,  and  others. 

326.  The  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  hj  Duke  de  Ohaulues  (1767),  has  been  sliown  by 
Sorby  f  to  allow,  under  suitable  conditions,  of  determinations  of  considerable 
accuracy.  This  method  consists  essentially  in  observing  the  distance  {d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-parallel  plate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axis  of  the  microscope 
between  the  objective  and  the  focal  point,  here 


M  = 


t  -  d 


Sorby  made  use  of  a  glass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  were  ruled.  A  micrometer-screw  in  the  microscope 
makes  it  possible  to  measure  the  distance  through  which  the  tube  is  raised 
and  lowered  down  to  '001  mm.;  consequently  lx)th  t  and  d  can  be  obtained 
with  a  high  degree  of  accuracy.^ 

327.  Tourmaline  Tongs. — A  very  simple  form  of  polariscope  for  converging 
liffht  is  shown  in  Fig.  513;  it  is  convenient  in  use,  but  of  limited  application. 
Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as  were  described 
in  Art.  817.  They  are  mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers.  The  object  to  be  examined  is  placed  between  them  and  supported 
there  by  the  spring  in  the  wire.  In  use  they  are  held  close  to  the  eye,  and 
in  this  position  the  crystal  section  is  viewed  in  converging  polarized  light, 
with  the  result  of  showing  (under  proper  conditions)  the  axial  interference* 
figures  (Arts.  360  and  387). 

613. 


328.  Polarisoope.  Conosoope.  Stauroscope. — The  common  forms  of  polari* 
scope  §  employing  nicol  prisms  are  shown  in  Figs.  514  and  515.||  Fig.  514 
represents  the  instrument  arranged  for  converging  light,  which  is  often  called 
a  conoscope. 

The  essential  parts  are  the  mirror  S,  reflecting  the  light,  which  after 
passing  through  the  lens  e  is  polarized  by  the  prism  j).  It  is  then  rendered 
strongly  converging  by  the  system  of  lenses  7tn,  before  passing  through  the 

•See  Oroth,  Phys.  Kryst,  1896,  pp.  654-679;  also  Das  Reflectometer,  etc.,  von  Dr. 
C.  Piilfricli.  Leipzig,  1890. 

fMiii.Mag..2.  1,  101,1878. 

iCf.  RoeeDbuscb,  Micr.  Pbys.  MId.,  p.  84,  1892,  who  mentions  particularly  methods 
applicable  to  minerals  in  tbin  sections. 

?8ee  further,  Groth,  Pbys.  Kryst.  (also  Pogg.  Ann.,  144,  84.  1871). 
These  figures,  also  Figs.  516, 517,  544,  are  taken  from  tbe  catalogue  of  R  Fuess,  Steg- 
lits,  Berlin. 


coiitainB  the  converging  aratem  oo,  the  lens  i,  and  the  analysing  t 

The  arrangements  for  lowering  or  raising  the  tubes  need  no  explanation,  not  ^ 

indeed  tlie  special  devices  for  setting  the  vibration-planes  of  the  niools  at 

right  angles  to  each  other.  I 

The  accompanving  tube  (Fig.  5]A)  shows  the  arrangement  for  obsemtlons  ] 

D  parallel  light,  tne  converging  lenses  having  been  removed.     In  this  form  it 
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18  especially  used  for  staaroscopic  measurements^  as  later  explained.  In  some 
forms  of  polariscope  of  the  above  type  the.place  of  the  analyzer  is  taken  by  a 
pair  of  black  glass  mirrors  set  at  the  proper  polarizing  ande. 

329.  Polanzation-llicroscope. — The  investigation  of  the  form  and  optical 

Eroperties  of  minerals  when  in  microscopic  form  has  been  much  facilitated 
y  the  use  of  microscopes  *  specially  adapted  for  this  purpose.  First  arranged 
with  reference  to  the  special  study  of  minerals  as  seen  in  thin  sections  of  rocks, 
they  have  now  been  so  elaborated  as  largely  to  take  the  place  of  the  older  optical 
instruments.  They  not  only  allow  of  the  determination  of  the  optical  prop- 
erties of  minerals  with  greater  facility,  but  are  applicable  to  many  cases  where 
the  crystals  in  hand  are  far  too  small  for  other  means. 

A  highly  serviceable  microscope,  for  general  use,  is  that  described  by 
Rosenbnsch  in  1876  and  later  mucn  improved.  A  sectional  view  of  one  form 
is  shown  in  Fig.  516,  and  a  later  and  improved  pattern  is  given  in  Fig.  517. 
The  essential  arran^j^ments  of  Fig.  516  are  as  follows:  The  tube  carrying  the 
eyepiece  and  objective  has  a  fine  adjustment-screw  at  g;  the  coarse  adjust- 
ment is  accomplished  by  the  hand.  The  screw-head  g  is  graduated  and  turns 
about  a  fixed  index  attached  to  the  tube  jt?;  by  this  means  the  distance  through 
which  the  tube  is  raised  or  lowered  can  be  measured  to  O'OOl  mm.  The 
polarizing  prism  is  placed  below  the  stage  at  r,  in  a  support  with  a  graduated 
circle,  so  that  the  position  of  its  vibration-plane  can  be  fixed.  The  analyzing 
prism  is  contained  in  a  cap,  ss,  which  is  placed  over  the  eyepiece;  this  may  be 
revolved  at  pleasure,  its  edge  being  graduated.  When  both  prisms  are  set  at 
the  zero  mark,  their  vibration-planes  are  crossed  (J.) ;  when  either  is  turned  90°, 
the  planes  are  parallel  (3).  The  stage  is  made  to  rotate  about  the  vertical 
axis,  but  otherwise  (in  tnis  simple  form)  is  fixed  ;  its  edge  is  graduated,  so 
that  the  angle  through  which  it  is  turned  can  be  measured  to^°.  Three 
adjustment-screws,  of  which  one  is  shown  at  n,  n,  make  it  possii^le  to  bring 
the  axis  of  the  olnect-glass  in  coincidence  with  axis  of  rotation  of  the  stage 
(see,  further,  the  aetaifed  drawing  at  the  side). 

The  instrument  here  described  may  be  used  in  the  first  place  as  an  ordinary 
microscope  with  magnifying  power  adapted  to  the  special  case  in  hand.  In  the 
second  place,  with  polarizing  prisms  and  the  usual  arrangement  of  lenses,  it 
serves  for  determining  the  planes  of  light-vibration  (like  the  stmiroscope  of 
Art.  328);  also  for  observing  the  interference-colors  of  doubly  refracting  sec- 
tions and  so  on.  Finally,  with  eyepiece  removed  and  special  condensing  Tenses 
abided  beneath  the  object  on  the  stage  (as  more  fully  described  later),  it  may  be 
used,  like  the  conoscope^  for  observing  axial  interference-figures,  etc. 

330.  A  later  and  improved  form  of  microscope  shown  in  Fig.  517  is 
essentially  like  that  of  Fie.  516,  biit  has  various  refinements  for  accurate 
work.  Thus,  a  screw  is  added  for  the  coarse  adjustment;  another  screw  to 
raise  and  depress  the  lower  nicol;  a  mechanical  stage,  etc.  A  more  essential 
improvement  is  the  insertion  of  the  upper  nicol  in  a  support,  Ny  which  can 
be  pushed  in  or  out  at  is^ill  between  the  eyepiece  and  objective.  1'he  upper 
nicol  above  the  eyepiece- Is,  however,  also  needed  in  certain  cases,  for  example 
with  the  Bertrand  ocnhur,  described  later. 

The  micronope  which  lias  been  briefly  described  \%  as  stated,  especially  applicable  to 
the  study  of  the  fonn,  optical  properties,  and  mutual  relations  of  minerals  us  they  are 
found  in  thin  sections  of  roc^;  it  has  therefore  become  an  important  adjunct  to  geological 
research.    It  can  alto  be  used  to  great  advantage  in  the  study  of  small  independent  crystals 

- 

•See  Rosettbosch,-M!kr.  Phys.,  117-180;  1802;  also  GkelbrFiiys.  Kryst.,  783-756.  1895. 
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»ud  CiyatBlliiie  socllons  or  (ra^menla.  The  more  important  points  to  which  Ibe  attentiuD 
la  to  be  i1lr«cte<l,  more  puticularly  in  the  case  <jf  mjoerals  in  seclions  of  roi^lu.  itre : 
e  (orm,  osshown  in  Ihe  ouUine;  (2)  iliruclion  ot  cleavagf- lines;  (8)  refmclive 


i  MHIgW  8b«orptlon  (n  different  litierilrtiis.  fc.  diehroism  or  pleocUroism :  {S>  tbe 
fcli;  or  nalsotropic  chRracier.  hiuI  tf  the  latler,  the  direction  ot  Ihe  piniies  of  IfEht- 
Rlon — tills  win  gcnemlly  decliie  Uie  question  ns  lo  the  cryMnlline  afBtem :  f8l  position 
e  axial  plane  and  nalureof  tlicnxlnl  iiiti'rfurence-fi^riires;  ('?)  the  streaglli  and  character 
/+or— lof  ilifidonlilr  rcfracilon;  (fi)  inclnainna,  solid,  liquid,  or  giiseoim.  The  explanation 
1b  ngarrl  lo  Um  apeclnl  optical  points  mentioned  is  deferred  lo  later  pages. 
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GENERAL  OPTICAL  CHARACTERS  OF  MINERALS. 

331.  There  are  certain  characteristics  belonging  to  all  minerals  alike, 
crystallized  and  non-crystallized,  in  their  relation  to  liffht     These  are: 

1.  Diaphaneity  :  depending  on  the  relative  quantity  of  light  transmitted. 

2.  Color:  depending  on  the  kind  of  light  reflected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Lustek:  depending  on  the  power  and  manner  of  reflecting  light 

1.  Diaphaneity. 

332.  Degrees  of  Transparency.— The  amount  of  li^ht  transmitted  by  a 
solid  varies  in  intensity,  or,  in  other  words,  more  or  less  light  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  307).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  opacjue,  as  iron.  The  following  terms  are  adopted  to  express  the 
different  degrees  m  the  power  of  transmitting  light: 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct.'' 

SuUransparenty  or  semutraneparent :  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Svbtranslucent :  when  merely  the  edges  transmit  light  or  are  translucent. 

When  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaque.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  sufficiently  thin.  Magnetite  is 
translucent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  transparency,  and  many  minerals 
present,  in  their  numerous  varieties,  nearly  all  tne  different  shades. 

2.  Color. 

333.  Nature  of  Color. — As  briefly  explained  in  Art.  294,  the  sensation  of 
color  depends  alone  upon  the  length  of  the  waves  of  light  which  meet  the  eye, 
if  tliey  are  all  of  the  same  length.  If  the  light  consists  of  various  wave- 
lengths, it  is  to  the  combined  effect  of  these  that  the  sensation  of  color 
is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  307)  which  it  exerts  upon  the  light  transmitted  or  reflected  by  it. 
A  yellow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  with  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  general 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
^hich  are  not  absorbed. 

All  minerals  may  be  divided  into  two  classes:  (1)  those  whose  color 
belongs  to  the  finest  particles  mechanically  made;  and  (2)  those  whose  color 
in  the  state  of  fine  powder  is  different  from  what  it  is  in  the  masSir  j 
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To  the  first  class  belong  the  metals  and  many  minerals  having  a  metallic 
luster;  for  instance,  the  powder  of  the  black  magnetic  oxide  of  iron,  magnetite, 
is  black;  that  of  hematite,  which,  though  often  black  on  the  surface,  is  red  by 
transmitted  light,  is  red,  and  so  on. 

To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part  of  all 
minerals  having  an  nnmetallic  luster.  With  them  the  color  is  often  quite 
unessential,  being  generally  due  to  small  admixtures  of  some  metallic  oxide, 
to  some  carbon  compound,  or  to  some  foreign  substance  in  a  finely  divided 
state.  With  most  of  these,  the  fine  powder  is  either  white  or  light-colored;  for 
example,  the  streak  (Art.  334)  of  black,  green,  red,  and  blue  tourmaline  varies 
little  from  white. 

334.  Streak. — The  color  of  the  powder  of  a  mineral  as  obtained  by  scratching 
the  surface  of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard, 
by  rubbing  it  on  an  unpolished  porcelain  surface,  is  called  the  streak.  It  is 
obvious  from  the  distinctions  stated  above  that  the  streak  is  often  a  very 
important  quality  in  distinguishing  minerals.  This  is  especially  true  with 
minerals  of  the  first  class  mentioned  above,  that  is,  those  with  metallic  luster, 
as  defined  in  Art.  338. 

336.  Diohroism;  Pleochroism. — The  selective  absorption,  to  which  the  color 
of  a  mineral  is  due,  more  especially  by  transmitted  light,  varies  according  to 
the  molecular  structure  of  the  crystals.  It  is  hence  one  of  the  special  optical 
characters  depending  upon  the  crystallization,  which  are  discussed  later. 
Here  belong  aichroism  or  pleochroism,  the  property  of  exhibiting  different 
colors  in  different  directions  by  transmitted  light.  This  subject  is  explained 
further  in  Arts.  365  and  393. 

336.  Varieties  of  Color. — The  following  ei&;ht  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  employment  of  this  character  in 
the  description  of  minerals:  white,  gray,  black,  blue,  green,  yellow,  red,  wai 
brown. 

(a)  The  varieties  of  Metallic  Colors  recogDized  are  ns  follows : 

1.  Capper-red:  native  copper. — 2.  Brante-yellow :  pyrrhotite.— 8.  Brtusj/ellatD :  chaleo- 
pyrite.— Hi.  Qofd-yeUoto:  native  gold.— 5.  Silver-white:  native  silver,  less  distinct  in  nrseno- 
pyrftc.— 6.  Tin-iMU:  mercury;  cobal lite. — 7.  Lead-gray:  koX^wh,,  molybdenite. — 8.  Steel- 
gray:  nearly  the  color  of  fine-grained  steel  on  a  recent  fracture;  native  platinum,  and 
palladium. 

(6)  The  following  are  the  varieties  of  Non-hbtallic  Colors: 

A.  WHrrs.  1.  Snow-white:  Carrara  marble.— 2.  Reddieh  white,  8.  Tellowieh  white trndi. 
Orayieh  white :  all  illustrated  by  some  varieties  of  calcite  and  quartz.— 5.  Greenish  white: 
talc— 6.  Milk  white:  white,  sligntly  bluish ;  some  chalcedony. 

B.  Gray.  1.  Bluithgray:  gray,  inclining  to  dirty  blue.— 2.  PearUgray :  gray,  mixed 
with  red  and  blue:  cerargyrite. — 8.  Smoke-gray:  gray,  with  some  brown;  flint.— 4.  Green- 
iehgray:  ^ray,  with  some  green;  ciit's-eve;  some  varieties  of  talc. — 5.  TelUneish  gray : 
some  varieties  of  compact  limestone. — 6.  Ash-gray :  tbe  purest  gray  color ;  zoisite. 

C.  Bi«ACK.  1.  Oraifith  black :  black,  mixed  with  gray  (without  green,  brown,  or  blue 
tints);  basalt:  Lydian  stone.— 2.  Velvet-black:  pure  black  ;  obsidian,  black  tourmaline'.— 3. 
Greenish  black :  augite.— 4.  Brownish  black :  brown  coal,  lignite. — 5.  Bluith  black:  black 
cobalt. 

D.  Blub.  1.  Btaeki^bhie:  dark  varieties  of  azurite.— 2.  Azure-blue:  a  clear  shade  of 
bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite.— 3  l^iolet-blue :  blue. 
mixed  with  red  ;  amethyst,  fluorite. — 4.  Lavender- blue :  blue,  with  some  red  and  much  gmy. 
—5.  /¥uMtan^if#,  or  Berlin  blue:  pure  blue;  sapphire,  cyanite. — 6.  bmali-blue :  some 
varieties  of  sypsum. — 7.  Indigo  blue:  blue,  with  black  and  green  ;  blue  tourmaline.— 8.  Sky- 
bius:  pale  blue,  with  a  little  green  ;  it  is  called  mountain-blue  by  painters 

E.  Grbbh.  1*  Vordigrii-gre&n :  ^reen,  inclining  to  blue  ;  some  fehlspar  (amazon-stone). 
— 8.  CMamdin^^rmn  :  green,  with  blue  and  gra}' ;  some  varieties  of  talc  and  beryl.  It  is  the 
color  of  ibe  lenves  of  Im  ceUuidine  (Chelidonium  majus).— 8.  Mountain-green :  green,  with 
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much  blue ;  beryl.— 4.  Leek-green:  greeu,  with  some  brown  ;  the  color  of  leaves  of  garlic  ; 
distinctly  seen  in  prase,  a  variety  of  quartz. — 5.  Emerald-green :  pure  deep  greeu  ;  emerald. 
— 6.  Apple-green :  ligbt  green  with  some  yellow  ;  chrysoprnse.— 7.  Orass-green  :  bright 
greeu,  wiih  more  yellow  ;  greeu  diiillage.— 8.  PieUichio-green  :  yellowish  greeu,  with  some 
browu  ;  epidote. — 9.  Asparagus-green:  pale  greeu,  with  much  yellow;  asparagus  stone 
(apaiite). — 10.  Blackish  green :  serpentine.— 11.  Olive  green:  dark  green,  with  much  brown 
and  yellow;  chrysolite.— 12.  Oil-green:  the  color  of  olive-oil;  beryl,  pitchstoue. — 13. 
Siskin-green :  light  green,  much  inclining  to  yellow  ;  urauite. 

F.  Yellow.  1.  Sulphur  yellow :  sulphur.— 3.  Straw-yellow:  pale  yellow;  topaz. — 3. 
Wax  yellow :  grayish  yellow  with  some  brown  ;  blende,  opal.— 4.  Boney-yellow :  yellow, 
with  some  red  and  brown  ;  calcite. — 5.  Lt mo n -yellow :  sulphur,  orpimeut. — 5.  Oditr-yeUow : 
yt'llo  V,  wih  browu  ;  yellow  ocher.— 7.  Wine-yellow:  topaz  aud  lluorite. — 8.  Oream-yelUno : 
some  varieties  of  lithomarge.— 9.  Orange-yellow :  orpimont. 

G.  Red.  1.  Aurora-red:  red,  with  much  yellow;  some  realgar. — 2.  HyacinUi-red :  red. 
with  yellow  and  some  brown  ;  hyacinth  gsirnet. — 3.  Brick-red:  t)olyhali:e,  some  jasper.— 4. 
SearU't-red:  bright  red,  with  a  tinge  of  yellow;  cinnabar. — 5.  Blood-red:  dark  red,  with 
some  yellow;  pyrope.— 6.  Flesh-red:  feldspar— 7.  Carmine-red:  pure  red  ;  ruby  sapphire. 
— 8.  hose-reil:  rose  quartz —9.  Crimson-red:  ruby. — 10.  Peae/tbloseofn-red :  red,  with  white 
anil  gray;  lepidolite.— 11.  Columbine  red :  deep  red,  with  some  blue;  garnet. — 12.  CJierry^ 
red:  dark  red,  with  some  blue  and  brown  ;  spinel,  some  jasper. — 13.  Brownish-red:  jasper, 
limonite. 

H.  Brown.  1.  Reddish  brown :  garnet,  zircon. — 2.  Clove-brown:  brown,  with  red  and 
some  blue;  axinite. — 3.  Hair  brown:  wood  opal.— 4.  Broccoli  brown :  brown,  with  blue, 
red,  and  Cray;  zircon.— 5.  Chestnut-broion :  pure  brown. — 6.  Tellowisli  brown  :  jasper. — 7. 
Pinchbeck-brown:  yellowish-brown,  with  a  metallic  or  metal  He- pearly  luster;  several 
varieties  of  talc,  bronzite. — 8.  Wood-brown:  color  of  old  wood  nearly  rotten;  some  speci- 
mens of  asbcstus.— 9.  Liver-brown :  brown,  with  some  gray  and  green  ;  jasper. — 10.  Black- 
ish brawn :  bituminous  coal,  brown  coal. 

3.  Luster. 

337.  Nature  of  Luster. — The  luster  of  minerals  varies  with  the  natnre  of 
their  surfaces.  A  variation  in  the  quantity  of  light  reflected  produces  different 
degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reflecting  sur- 
face produces  different  kinds  of  luster. 

338.  Kinds  of  Luster. — The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  luster  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaque 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  ed^es  of  thin 
spli titers.  Some  minerals  have  varieties  with  metallic  and  othera  with  unmetal- 
lie  luster;  this  is  true  of  hematite. 

Jiiil)crfect  metallic  luster  is  expressed  by  the  term  suh-metalUc,  as  illustrated 
by  eoliuubito,  wolframite.     Other  kinds   of  luster  are   described  briefly  as 

L'N. METALLIC. 

2.  Aifamantine :  the  luster  of  the  diamond.  When  also  sub-metallic,  it  is 
tortnod  metaUic-adamayitine,  as  cerussite,  pyrargyrite. 

Adatnantine  luster  belongs  to  substatices  of  high  refractive  index.  This 
may  bo  connected  with  their  relatively  great  density  (and  hardness),  as  with  the 
diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules,  thus 
most  coFu pounds  of  lefid,  not  metallic  in  luster,  have  a  high  refractive  index 
and  an  adamantine  luster. 

3.  Vilreous:  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster  is 
tertned  snh-vitreons.  The  vitreous  and  sub-vitreous  lusters  are  the  most  com- 
mon in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree  ;  calcite,  often  the  latter. 

4.  Resinous :  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  yarieties 
x)t  sphalerite. 
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5.  Oreaay :  luster  of  oily  glass.  This  is  near  resinous  luster^  but  is  often 
quite  distinct^  as  elsBolite. 

6.  Pearly :  like  pearl,  as  taic,  bmcite,  stilbite^  etc.  When  united  with  sub- 
metallic,  as  in  hypersthene,  tbe  terra  metallic-pearl i/  is  used. 

Pearly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
partially  separated  into  successive  plates,  as  on  the  basal  plane  of  apophyllite. 
It  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

7.  Silky :  like  silk  ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite,  fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral 
faces  of  a  right  square  prism  may  thus  differ  from  a  terminal,  and  in  the  right 
rectangular  prism  the  lateral  faces  also  may  differ  from  one  another.  For 
example,  the  basal  plane  of  apophyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  they  having  a  vitreous  luster. 

As  sbowD  by  HuidiDger,  only  vitreous,  udainaDtine,  nnd  metallic  luster  belong  to  faces 
perfectly  smooth  aud  pure.  lu  tbe  first,  tbe  refractive  index  of  tbe  miueral  is  1  '8-1  '8  ;  iu 
tbe  second,  1  9-2*5;  in  tbe  tbird,  about  2*5.  Tbe  true  difference  between  metallic  and 
Titreous  luster  is  due  to  tbe  effect  wbicb  tbe  different  surfaces  have  upon  tbe  reflected  ligbt; 
iu  general,  tbe  luster  is  produced  by  tbe  union  of  two  simultaneous  impressions  made  upon 
tbe  eye.  If  the  ligbt  reflected  fiom  a  metallic  surface  be  examined  by  a  nicol  prism  (or  tbe 
dicbroscope  of  Uaidinger,  Art.  865),  it  will  be  found  that  both  niys,  that  vibrating  iu  the 
phioe  of  Incidence  and  that  whose  vibrations  are  normal  to  it,  are  alike,  each  having  tbe 
color  of  tbe  material,  onlv  differing  a  little  iu  brilliancy ;  on  the  contrary,  of  tbe  ligbt 
reflected  by  a  vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  tbe 
plane  of  fncidencc  are  more  or  less  polarizea,  aud  are  colorless,  wbile  those  whose  vibrations 
are  in  this  plane,  having  penetrated  somewhat  into  the  medium  and  suffered  some  absorp- 
tion, show  the  color  of  tbe  stbsiauce  itself.  A  plate  of  red  glass  thus  examined  will  show 
a  colorless  and  a  red*  image.     Adamantine  luster  occupies  a  position  between  tbe  others. 

339.  lyegrees  of  Luster. — The  degrees  of  intensity  of  luster  are  denominated 
as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Olistening :  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Glimmering :  affording  imperfect  reflection,  and  apparently  from  points 
over  the  surface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  luster,  as  chalk, 
the  ochers,  kaolin. 

340.  Play  of  Colors.  Opalescence.  Iridescence.— The  term  play  of  colors  is 
used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid  succession 
on  turning  the  mineral.  This  property  belongs  in  perfection  to  the  diamond, 
in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed  in  precious 
opal,  where  it  is  explained  on  the  principle  of  interference;  in  this  case  it  is 
most  brilliant  by  candle-light. 

The  expression  change  of  colors  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession 
produced  by  turning  tne  mineral  is  less  rapid.  This  is  shown  in  labradorite, 
as  explained  under  that  species. 

Opalescence  is  a  milky  or  pearly  reflection  trom  the  interior  of  a  specimen. 
Obaenred  in  some  opal,  and  in  cat  s-eye. 
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Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
the  surface  of  a  mineral.  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.;  are  sometimes  to  be  explained  by  the  presence  of  minute  foreira  crystals, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellae,  in  the  light  reflected  from  which  interference  takes 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  313). 

341.  Tarnish — A  metallic  surface  is  tarnished  when  its  color  differs  from 
that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bornite.  A  surface 
possesses  tlie  steel  tarnish  when  it  presents  the  superficial  blue  color  of 
tempered  steel,  as  columbite.  The  tarnish  is  irised  when  it  exhibits  fixed 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hydrated  iron  oxide,  usually  formed  from  pyrite,  is  one 
of  the  most  common  sources  of  it,  and  produces  the  colors  on  anthracite  and 
hematite. 

342.  Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  bv 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Canada.  In  the  former  case  it  is  explained  by  the  presence  of  thin 
twinning-lamellsB  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
presence  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 
probably  rutile  or  tourmaline  in  most  cases.  Crystalline  faces  which  have 
been  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  reflected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

343.  Sohillerization. — The  general  term  schiller  (from  the  German)  is 
applied  to  the  peculiar  luster,  sometimes  nearly  metallic,  observed  in  definite 
directions  in  certain  minerals,  as  conspicuously  in  schiller-spar  (an  altered 
variety  of  bronzite),  also  in  diallage,  hypersthene,  sunstone,  and  others.  It  is 
explained  by  the  reflection  either  from  minute  inclosed  plates  in  parallel 
position  or  from  the  surfaces  of  minute  cavities  (negative  crystals)  having  a 
common  orientation.  In  many  cases  it  is  due  to  alteration  which  nas 
developed  these  bodies  (or  the  cavities)  in  the  direction  of  solution-planes 
(see  Art.  264).  The  process  by  which  it  has  been  produced  is  then  called 
schiller  izat  ion, 

344.  Fluorescence. — The  emission  of  light  from  within  a  substance  while 
it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical  dis- 
charge in  a  vacuum  tube,  is  cvAXqH  fluorescence.  It  is  best  exhibited  by  flnorite, 
from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of  white  light 
be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color  is  called 
out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra-violet 
rays,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  calls  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphorrscey  after  the  discharge  ceases. 

346.  Phosphorescence. — The  continued  emission  of  light  by  a  substance 
(not  incandescent)  produced  especially  after  heating,  exposure  to  light  or  to 
an  electrical  discharge,  is  cMqA  phosphorescence. 
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Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150^  C.  Different  varieties  dve  on  light  of  different  colors;  the  chlorophane 
variety,  an  emerald-green  lig!)t;  others  purple,  blue,  and  reddish  tints.  This 
phosphorescence  may  be  observed  in  a  dark  place  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  It  is  even  called  out  by  a  sharp  blow  with  a 
hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight  heating, 
emit  a  yellow  li^ht;  so  also  tremolite,  danburite,  and  other  species. 

By  the  application  of  heat  minerals  lose  their  phosphorescent  properties. 
But  on  passing  electricity  through  the  calcined  mineral  a  more  or  less  vivid 
lifi^ht  is  produced  at  the  time  of  the  discharge,  and  subseouently  the  specimen 
when  heated  will  often  emit  light  as  before.  The  lignt  id  usually  of  the 
same  color  as  previous  to  calcination,  but  occasionally  is  quite  different.  It  is 
in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of 
fluorite  it  may  be  nearly  or  quite  restored  to  its  former  brilliancv.  It  has 
also  been  found  that  some  varieties  of  fluorite,  and  some  specimens  of  diamond^ 
calcite,  and  apatite,  which  are  not  naturally  phosphorescent,  may  be  rendered 
BO  by  means  of  electricity.  Electricity  will  also  increase  the  natural  intensity 
of  toe  phosphorescent  light. 

Exposure  to  the  lisht  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
This  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum^ 
while  in  the  red  rays  it  is  rapidly  lost. 
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SPECIAL  OPTICAL  CHARACTERS  BELONGING  TO  CRYSTALS 

OF  THE  DIFFERENT  SYSTEMS. 

846.  All  crystallized  minerals  may  be  grouped  into  three  grand  classes, 
which  are  distinguished  by  their  physical  properties,  as  well  as  their 
geometrical  form.     These  three  classes  are  as  follows: 

A.  Isometric  clcuSy  embracing  crystals  of  the  isometric  system,  which  are 
referred  to  three  eq\ial  rectangular  axes. 

B.  Isodiametrit  olass^  embracing  crystals  of  the  tetragonal  and  hexagonal 
systems,  referred  t  j  two,  or  three,  equal  lateral  axes  and  a  third,  or  fourth, 
axis  unequal  to  them  at  right  angles  to  their  plane.  Crystals  of  this  class  have 
a  iixed  principal  axis  of  crystallographic  symmetry. 

0.  A7iisometric  class,  embracing  the  crystals  of  the  orthorhombic,  mono- 
clinic,  and  triclinic  systems,  referred  to  three  unequal  axes.  Crystals  of  this 
class  are  without  a  fixed  axis  of  crystallographic  symmetry. 

347.  Isotropic  Crystals. — Of  the  three  classes,  the  isometric  class  includes 
all  orystals  which,  with  respect  to  light  and  related  phenomena  involving  the 
ether,  are  isotropic ;  that  is,  those  which  have  like  optical  properties  in  all 
directions.  Specifically,  a  light- wave  is  propagated  in  them  with  the  same 
v^elocity  in  all  directions,  and  its  wave-front  is  therefore  a  sphere.  Hence. 
tolso,  the  sphere  may  be  regarded  as  representing  the  optical  structure  of  an 
isometrio  orystaL  The  geometrical  property  of  the  spliere  that  every  cross- 
section  is  a  drole  oorrayoiida  to  tli6  optical  property  of  the  isotropic  medium 
m  which  the  velocity  of  light-pfopagi^n  is  the  same  in  every  direction,  for 
this  being  true,  the  medium  must  have  like  properties  of  the  ether  in  any 
piaiu3  normal  to  such  a  line. 

It  must  be  repeated  here,  however,  that  such  a  crystal  is  not  isotropic  with 
reference  to  those  characters  which  depend  directly  upon  the  molecular  struc- 
taire  alone,  as  cohesion  and  elasticity.     (See  Art.  264.) 

Further,  amorphous  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
oriented  molecular  structure — that  is,  those  in  which  all  directions  are  sensibly 
die  same — are  also  isotropic,  and  not  only  with  reference  to  light,  but  also  as 
cegnrds  their  strictly  molecular  properties. 

348.  Anisotropic  Crystals;  Uniaxial  and  BiaziaL — Crystals  of  the  isodia- 
HETRic  and  AXisoMETRic  CLASSES.  Oil  the  other  hand,  are  in  distinction  aniso- 
tropic.  Their  optical  properties  are  in  general  unlike  in  different  directions, 
or,  more  particularly,  the  velocity  with  which  light  is  propagated  varies  with 
the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
iiglit-ether  upon  whicli  the  velocity  of  propagation  depends  remains  constant 
tor  all  directions  which  are  normal,  or,  again,  for  all  those  equally  inclined  to 
the  vertical  crystallographic  axis.  In  the  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  optic  axis,  and  the  crystals  of  this 
chuss  are  said  to  be  tiniaxial.  The  optical  structure  of  uniaxial  crystals  can  be 
reprosenttnl  bv  a  spheroid,  that  is,  aii  ellipsoid  of  revolution  whose  axis  of 
revolution  is  the  optic  axis,  or  axis  of  crystallographic  symmetry.  The  direction 
and  jwoporties  of  this  optic  axis  will  be  seen  to  correspond  to  the  geometrical 
proivjrty  of  tlj^  spheroid,  a  section  of  which  normal  to  this  axis  is  always  a 
circle. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  m  character  to  the  single  optic  axis 
spoken  of  above,  hence  these  crystals  are  said  to  be  optically  biaxial.    Further, 
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it  will  be  shown  that  their  optical  structure  may  be  represented  geometrically 
by  an  ellii>soid  with  three  uneonal  rectangular  axes.  Every  such  ellipsoid  has 
two  directions  in  which  it  can  be  cut  yielding  cross-sections  which  are  circles; 
the  optic  axes  spoken  of  will  be  seen  later  to  be  normal  to  these  planes  after 
the  analogy  of  uniaxial  crystals. 

In  crystals  of  the  orthorhombic  system  the  axes  of  the  ellipsoid  coincide 
in  direction  with  the  crystallographic  axes.  In  crystals  of  tue  monoclinic 
system  one  of  these  ellipsoidal  axes  coincides  with  the  axis  of  crystallographic 
symmetry,  the  other  two  lie  in  the  plane  of  symmetry.  In  crystals  of  the 
triclinic  system  there  is  no  necessary  relation  between  the  position  of  the 
ellipsoidal  axes  and  those  assumed  to  describe  the  crystallographic  form. 

All  of  these  points  require  detailed  discussion,  but  the  above  statements 
will  partially  serve  to  bring  out  the  intimate  connection  between  the  molec- 
ular structure  exhibited  in  the  geometrical  form  and  the  optical  chtiracterc 
depending  upon  the  properties  belonging  to  the  light-ether  within  the  crystal 

A.  Isometric  Crystals. 

349.  It  has  been  stated  thai  crystals  of  the  isometric  system  are  optically 
isotropic^  and  hence  light  travels  with  the  same  velocity  in  every  direction  in 
them.  Light  can,  therefore,  suffer  only  single  refniction  in  passing  into  an 
isotropic  medium  ;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  for  a  given  wave-length.  If  this  be  represented  by  n.  while 
Fis  the  velocity  of  light  in  air  and  v  that  in  the  giver  medium;  then 

V  V 
n  =  —,  or  V  =  — . 

V  n 

The  wave- front  for  light-waves  propagated  from  r.i:y  point  within  sr.cii  cro 
isotropic  medium  is  a  sphere,  and,  as  already  stated,  this  geometrical  figure 
may  be  taken  as  representing  the  optical  structure  of  an  isometric  crystal. 

This  statement  nolds  true  of  all  the  groups  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  fluorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  the  groups,  however,  namely 
the  plagihedral  and  the  tetartohedral  groups,  differ  in  tiiis  particular:  that 
crystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art. 
ZiS)  as  circular  polarization. 

350.  Behavior  of  Sections  of  Isometric  Crystah  in  Polarized  Light.— In  con- 
sequence of  their  isotropic  character,  isometric  crystals  exhibit  no  special 

Ehenomena  in  polarized  light.  Sections  of  transparent  isometric  crystals  may 
e  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light.  In  other  words,  a  section  on  the  stage  of  the 
polari3»tion-microscope,  when  the  nicols  are  crossed,  api)ears  dark,  and  a  rovo- 
tntion  of  the  section  in  any  plane  produces  no  change  in  appearance.  Similarly^ 
It  appears  light  in  any  position  when  placed  between  ])arallel  nicols.  Some 
anomalies  are  mentioned  on  a  later  page  (Art.  411). 

The  single  refractive  index  may  be  determined  bv  w  c:  us  of  r  prison  ?r 
with  its  edge  in  any  direction  whatever. 

B.  UNIAXIAL  Crystals. 
General   Optical   Relations. 

361.  The  erystallographic  and  optical  relations  oi  crystals  belonging  to 
crystala  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefiy 
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summarized  (Art.  348);  it  now  remains  to  develop  their  optical  characters  more 
fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the  familiar 
conception  of  a  light-ray  to  represent  the  character  and  motion  of  the  light- 
wave. 

352.  Optic  Axis.  Ordinary  and  Extraordinary  Bay. — The  study  of  a  crystal 
belonging  to  this  class  shows,  in  the  first  place,  that  li^ht-rays  which  pass  in 
the  direction  of  the  vertical  axis  suffer  no  double  refraction.  This  direction  is 
that  called  the  opiic  axis.  Since  the  rays  spoken  of  are  propagated  by  vibra- 
tions at  right  angles  to  the  vertical  axis,  that  is,  in  the  plane  of  the  lateral 
crystallographic  axes,  this  observed  fact  proves  that  for  such  rays  there  is  but 
one  value  of  the  refractive  index,  and,  further,  that  all  the  lateral  directions 
must  be  identical  so  far  as  those  properties  of  the  ether  are  concerned  upon 
which  the  velocity  of  light  depends. 

On  the  other  hand,  light  which  passes  through  the  crystal  in  any  other 
direction  than  that  of  the  vertical  axis  suffers  double  refraction;  in  other  words, 
it  is  separated  into  two  rays,  which  are  propagated  with  different  velocities. 
This  is  true  (see  Art.  310)  even  when  the  rays  follow  the  same  path,  as  in  the 
case  of  perpendicular  incidence  upon  the  given  face. 

Both  of  these  rays  are  completely  polarized,  and  that  in  planes  at  right' 
angles  to  each  other. 

It  is  found,  further,  that  for  one  of  these  two  rays,  namely,  that  propagated 
by  vibrations  normal  to  the  vertical  axis,  there  is  a  constant  value  of  the 
refractive  index,  whatever  its  direction;  moreover,  this  value  follows  the  usual 
law  as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and 
refraction  (Art.  298).  It  is  hence  called  the  ordinary  ray,  and  the  correspond- 
ing refractive  index  is  uniformly  represented  by  the  letter  co. 

For  the  other  ray,  on  the  other  nand,  it  is  found  that  the  refractive  index 
varies,  and  in  general  it  does  not  obey  the  sine  law.  It  is  hence  called  the 
extraordinary  ray.  Further,  if  the  direction  of  propagation  changes  progres- 
sively from  that  nearly  coinciding  with  the  vertical  axis  to  that  in  the  lateral 
plane  normal  to  it,  it  is  found  that  the  value  of  the  refractive  index  of  the 
extraordinary  ray  deviates  more  and  more  widely  from  the  constant  value  for 
the  ordinary  ray,  and  this  difference  becomes  a  maximum  when  the  former  is 
propagated  in  a  lateral  plane  normal  to  the  vertical  axis,  that  is,  by  transverse 
vibrations  in  the  direction  of  this  axis.  This  last  value  of  the  refractive  index 
is  represented  by  the  letter  e.  These  two  indices,  co  and  e,  are  called  the 
principal  indices  of  a  uniaxial  crystal.  A  principal  section  of  a  uniaxial 
crystal  is  a  section  passing  through  the  vertical  axis. 

353.  Positive  and  Negative  Crystals. — Uniaxial  crystals  are  divided  into 
two  classes.  Those  in  which  the  refractive  index  of  the  extraordinary  ray,  e,  is 
greater  than  tliat  of  the  ordinary  ray,  oo,  are  called  positive.  This  is  illustrated 
by  quartz  for  which  (for  yellow  sodium  light): 

GJ  =  1-544.  6  =  1-553. 

On  the  other  hand,  if  oo  is  greater  than  e,  the  crystal  is  said  to  be  negative, 

Calcite  is  an  example,  for  which  (for  sodium  light): 

ai  =  1-658.  e  =  1-486. 

Other  examples  are  given  later  (Art  356). 

354.  Wave-surface. — Remembering  that  the  velocity  of  Iifi[ht-propagatioo 
is  always  inversely  })roportional  to  the  corresponding  refractive  mdeXy  it  is 
obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a  uniaxial 
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crystal  mnst  be  the  same,  being  uniformly  proportional  to 

words,  the  wave-front  of  the  ordinary  ray  must  be  a  sphere. 

For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  -  in  a  lateral  direction  and  becoming  sensible  equal 
to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis.     The 

law  of  the  varying  change  of  velocity  between  these  values,  —  and  —  is  given 

by  an  ellipse  whose  axes  (OC,  OA,  Figs.  518, 519)  are  respectively  proportional 
to  the  above  values. 

618.  619. 

c 


OC  :  0^  =  -  :  -  =  €  :  <». 

CO      € 

This  law,  suggested  by  Huy^ens,  has  since  been  verified  by  accurate 
experiments  by  several  observers  for  typical  substances,  as  cnlcite  and  soda 
niter;  hence  it  is  accepted  without  question  as  a  law  of  nature.  The  wave- 
front  of  the  extraordlnaqr  ray  is  then  a  spheroid,  or  an  ellipsoid  of  revolution 
whose  axis  coincides  with  the  vertical  crystallographic  axis,  that  is,  the  optical 
axis.  In  the  direction  of  the  vertical  axis  it  is  obvious  that  the  two  wave- 
fronts  coincide. 

620.  621. 


KsgsUve  eiTitil,  m>  e.  Positive  crystal,  e  >  oj, 

Fignrea  6S0  and  SSl'represent  Tertical  sections  of  the  combined  wave- 
mxrtmooB  tar  both  xaji.    Fig.  520  gives  that  for  a  negative  crystal  like  calcite 
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(i»  >  e);  Fig.  531  that  ot  a  positive  crystal  like  qaarts  (e  >  eo).  Fig.  638  is 
an  attempt  to  show  the  relations  of  the  two 
ware-fronts  of  a  ne^tive  crrstal  in  perspootiTe.* 
The  constant  valne  of  the  velocity  of  the  ordinary 

fay    [-],  whatever  its  direction  in  this  plane,  is 

expressed  by  the  radios  of  the  circle  (=  00). 
On  the  other  hand,  the  velocity  of  the  extra- 
ordinary ray  in   the  lateral  direction  is  given 

by  OA  f- j,  while  in  a  direction  as  Osr,  Fig.  520 

{Ora,  Fig.  521),  it  is  expressed  by  the  length  of 

and  more  nearly  equal  to  ^C't-J  as  its  direction 

approaches  that  of  the  vertical  axis. 

355.  Indicatrix.— It  will  now  be  nnderstood  what  was  meant  by  the  state- 
ment in  Art.  348  that  the  optical  structure  of  a  nniaxial  crystal  may  be 
represented  by  an  ellipsoid  of  revolution,  and  It  is  further  obvioaa  that  the 
ratio  between  the  axes  of  this  ellipsoid  must  be  as  already  given : 


this  line,  becoming  i 


OC:OA  = 


1 


633. 


It  has  been  shown  hv  Fletcher  f  that  this  ellipsoid,  called  by  him  the 
indicatrix,  may  be  tatceu  to  represent  the 
optical  characters  of  both  rays  without  refer- 
ence to  the  wave-surface,  since  it  can  be  proved 
geon;etrically  J  that  for  a  given  direction,  as  Or, 
the  velocity  of  the  extraordinary  ray  is  expressed 
not  only  by  Or  but  also  by  the  inverse  oi  the 
normal  upon  it  from  the  point  R  (determined 

by  tlie  tangents  to  the  ellipse),  that  ia,  by  -ot*; 

also  this  normal  fixes  the  plane  of  polarization 
which  is  perpendicular  to  RN.  Further,  the 
velocity  of  the  ordinary  ray,  having  the  same 
direction  (of.  p.  195),  is  expressed  by  the  inverse 
of  the  second  normal  upon  the  same  line,  that 

is,  — -,  since  this  normal  is  always  in  the  equatorial  plane,  the  section  of  which 

is  a  cii'cle.     Fig.  523  shows  the  form  of  the  indicatrix  for  a  negative  cryatal 

•  Fips.  f<2-l  and  .138  lire  taken  from  MUller-Poiiillefs  Lebrbucli  der  PbysJk. 

fThu  Opiicnl  Iiidlcntrlx  nnd  ilic  TraDstnission  of  Light  In  Crystals,  bv  L.  Fleicher, 

liOii.inn,  1SB2. 

ITIiis  fotlowB,  from  tbe  property  ol  tbe  ellipse  Id  general,  itnce  the  parallelogmm 
ORVt  =  OA.OC,  ihRiis,  RN.Or=OA.OC&uA  Or  =■  ^^-^^         ■    /i,  _  Corrtant 


RN 


lu  oibcr  words,  the  veloclif  of  tbe  extraordinary  ray  (M  varies  InverMly  as  v=^ 
Similarly,  «■  Is  represented  by  Ori,  that  fs,  In  tbe  Indicatrix  by 
W  I       n.        rt/i       0A.00      ConBtaot\ 
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like  calcite  (a>>  e);  that  for  a  positive  crystal,  like  quartz  (e  >  co)  would  be 
a  prolate  spheroid. 

Si6.  Szamplat  of  Poiitiyo  and  Hegatiyo  Oryitali. — Tbe  following  li8t»  give  prominent 
positive  and  negative  uniaxial  crystals,  with  the  values  of  the  refractive  indices,  go  mid  e, 
for  each,  corresponding  to  yellow  sodium  light.*  The  difference  between  these,  oi— 6  or 
e—99,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  rt-fniction. 

It  may  be  remarked  that  in  some  species  both  +  and  —  varieties  have  been  observed. 
Certain  crystals  of  apophyllite  are  positive  fur  one  end  of  the  spectrum  and  negative  for 
tbe  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  is  true  for  some  other  species  {e.g.,  chabazite)  of  weak  double 
refraction.  It  is  to  be  noted  also  that  while  eudialyte  is  positive,  tbe  related  eucolite  is 
negative. 

NbOATIVE  CRTBTAIiS. 

OJ  €  CD— 6 

Proustite 8  0877  2  7924  0*2953 

Calcite 1  6585  1*4863  0*1722 

ToumKiline 1*6897  16208  00189 

Corundum 1  7675  1  -7592  0  0088 

Ber>l 1*5894  1*5821  00073 

Nephelite 1*5416  1*5876  0*0040 

Apatite. 1*6461  1*6417  0  0034 

Yesuvianite 1  -7285  1  7226  00009 

POBITIYB  CRT8TAJ.B. 

00  6  6— (» 

Rutile 2*6158  2*9029  0  2871 

Cassiterite 1*9966  20984  00968 

Zircon  1-9818  1*9981  0*0618 

)  Phenacite 1*6540  1*6697  0  0157 

Brucite 1*5590  1-5795  00205 

Quartz 1*6442  1*5538  00091 

Apophyllite 1*5887  1*5356  0  0019 

Leucite 1*508  1509  0  001 

Examination  of  Uniaxial  Crystals  in  Polarized  Light. 

857.  Section  Sormal  to  the  Axis  in  Parallel  Polarized  Light.—Suppose  a 
section  of  a  uniaxial  crystal  to  be  Cut  perpend iculnr  to  the  vertical  axis.  It 
has  already  been  shown  that  light  passing  through  the  crystal  in  tliis  direction 
suffers  no  double  refraction;  consequently,  such  a  section  examined  in  parallel 
polarized  light  in  the  instrument  called  an  orthoscope  (Fig.  515),  or  in  the 
polarization-microscope  (Figs.  516,  517),  behaves  as  a  section  of  an  isometric 
crystal,  or  of  an  amorphous  substance.  If  the  nicols  are  crossed  it  appears 
darkf  and  remains  8o  when  revolved. 

358.  Section  Parallel  to  the-  Axis.— A  section  cut  parallel  to  the  vertical 
axis,  as  already  explained,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis  and  the  other  at  right  angles  to  it.  A  ray  of  ordinary  light  falling 
upon  such  a  section  at  right  angles  is  divided  into  the  two  rays,  ordinary  and 
extraordinary,  which,  however,  in  this  special  case  of  perpendicular  incidence 
travel  on  in  the  same  path  through  the  crystal,  but  one  of  them  retarded 
relatively  to  the  other.  In  parallel  polarized  light  between  crossed  nicols 
such  a  section  will  appear  dark  if  the  directions  of  its  two  vibration-planes 
coincide  with  the  vibration-planes  of  the  nicols.     Thus  in  Fig.  524,  A  A  being 

*Por.iuthoritie8»  iee  Daaa*8  System,  1892.  For  coruudum  aud  brucite  the  values  of 
mr  aod  €r  are  glveii.  ' 
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the  rilimtinn'pUnc  of  the  lower  nicol  (poUriser)  snd  fi£  of  the  npper  nieal 
(Mriu)}Z«r),  ttte  light  that  boa  paaaed  throngh  the  poUruar  has  iti  Titv«tio&i 
limiu^l  t^t  the  |)Uiie  AA;  theae,  therefore,  pan  through  the  MCtion  aieJ,  bat 
ttiev  Are  arrwUnl  or  eitJtiguiahed  by  the  aecond  nicol.  The  eame  will  be  tnie 
if  thn  Mffition  i«  turned  at  right  auglee  to  the  first  poeition,  that  is,  into  the 
\nmitUm  a't't/d',  repreiented  b;  the  dotted  liDea. 

If  the  MCtion  itand  obliqnely,  as  abed  in  Fig.  525,  it  will  appear  light 
tti  the  «;6  (and  ninally  colored).    For  the  vibrations  parallel  to  JA  that  haTe 
534.  636. 
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pMMKi  through  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tiiiri  of  oaoh  of  tlio  vibration  planes  of  the  section.  Again,  each  of  these 
voin|iiiiieiits  can  bo  resolved  along  the  direction  of  the  vibration-pUne  of  the 
u]i{ier  tiico),  /i/i.  Therefore,  two  rays  will  emerge  from  the  nnalyzer,  both 
iutviiig  thi<  snmo  vibrntion-nlane,  but  one  more  or  less  retarded  with  reference 
to  Did  other,  the  nniotint  of  retnrdation  increasing  with  the  birefringence  and 
tliii  LliickiioHR  of  llici  ioction.  In  general,  therefore,  these  rays  will  interfere, 
atiil  if  the  thiukMORR  of  the  section  is  snfGcient  (and  not  too  great)  it  will 
appoar  colored  in  white  light  and,  supposing  the  thickness  uniform,  of  the 
sHuii)  color  throughont. 

An^  section  whatever  of  n  uniiixial  crystal  app^rs  dark  between  crossed 
nii'olH  if  its  princi|ml  section  (Art.  36S)  coincides  with  the  vibration-plane  of 
eiHiiT  nicol. 

359,  Color  of  a  Section  in  Parallel  Polariied  Light  BirefHngenoe.— The 
iiiLorfoioncc-color  of  a  stiction  under  examination  depends  (Art.  3M)  upon  its 
thickiioMi  and  upon  the  birefringence;  this  birefringence  has  a  maximum 
valn<<,  (><|uul  to  <<(  -  f  or  c  —  a>,  if  the  section  is  cut  parallel  to  the  optic  axis 
OV..|.'i. 

Tli<<  following  liihlo*  gives  the  thickness  (in  millimeters)  of  sections  of  a 
few  uniiixiul  iMystiUs  which  yield  retl  of  the  first  order: 

Biref  rlDgeiice  TItlckMH  In 

(w-    )or(«-w).  Hillimelars. 

Itutile 0-2S7  0-0019 

Caloite 0-1T3  0-0032 

'/ArvMX OM'i  0-0089 

Tourmaline  Ot«3  0DS40 

Quart! 0**9  01)618 

Ncphvlite 0-OiM  0-1377 

Irfuoite OtKU  0-5910 

•Am>  ttuthor.  IhiM'ubun'h  (Mlkr.  PL;*  Mln..  18»,  p.  IM),  fnua  vkoM  Umm  an 
takvu.    l\Dni>«T»  >l».>  nmuk*  madv  to  Art.  ttO. 


AfkiD.  UADtlberfiBinpli'.  it  mfiybenoicd  Uiotnilhzircr>a  (c  —  w  =  0  003),  a  tbickiiesa 
Of^Niut  flOOOmm  gives  re<)  of  Ibe  drat  itrdt^r:  of  0  017  red  uF  Ilie  secuml  uiilci';  of  0020 
tii  al  till:  iblnl  urdL-r. 

Ttw  nietliods  ordluai'ily  ueed  tn  [iclermine  llic  birefringence  nf  a  section  [not  1  i)  of  a 
imbslnl  cryslal,  as  nloo  lu  fix  llje  I'ctuLtce  vulue  uf  its  two  vibriitiun'iijrei.*tiuus,  are  the  same 
11  tbuse  L-nipluyod  for  biiixinl  crysCiila,  anil  llie  i]iBcu«aiuu  »f  lliem  Ih  poslpuucil  lu  a  Inter 
page  (Art.  aa<J 

S60.  Uniaxial  Interfeienoe-flgnre. — If  an  axial  sectiou,  that  is,  one  citt 
Domial  to  the  verticiil  aiis  t',  of  suitable  thickness,  be  viewed  in  cimvergiitg 
polu-izcd  light  ia  a  prjlariscope,  e.g.,  the  conoscope  (Art,  3Z7,  Fig,  514),  or  the 
tODrmaliiie  tongs  (Fig.  513),  or  again  in  the  microscope*  arranged  for  the 
pDrpose,  it  no  longer  appears  dark.  Oti  the  contrary,  a  tmautiful  plieuomenon 
isobeerTed:  a  syniinotrical  black  cross — when  the  nicols  or  tourmaline  plates 
are  crossed — wiib  a  series  of  concentric  rings,  dark  and  light  in  mouochromatic 
Hght,  bill  in  white  light  showing  the  prismatic  colors  in  succession  in  each 
ring.  This  is  represented  without  the  colors  in  Fig.  526,  and  with  the  colors 
in  Fig.  1  of  tbe  plate  formiDg  the  frontispiece  to  this  volnme. 

This  cross  becomes  white  when  tbo  nicols  or  tourmalines  are  in  a  parallel 
position,  and  each  baud  of  color  in  white  light  changes  to  its  complementary 
lint  {cf.  Fig.  527).  These  interference-figures,  seenf  in  this  form  only  in  a 
plate  cut  perpendicular  to  Ibe  vertical  axis,  mark  the  uniaxial  character  of 
the  crj-stal. 
I  The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  in  a  brief 

I.ent,  is  as  follows:  All  the  rays  of  llglit  perpendicular  to  the  plane  of 
;tion,  that  is,  those  whose  vibrations  coincide  sensibly  with  the  vibratlon- 
0 ■     ■    •  "■•■ 

^nco  nse  to  the  black  cross  in  the  center,  with  its  arms  in  the  direction  of  the 
planes  mentioned.  Obviously  this  cross  will  he  darkest  along  its  central  axis, 
while  it  fades  out  on  the  sides.  All  other  rays  passing  through  the  given  plate 
tihUqutlij  are  doHbly  refracted,  and  after  passing  through  the  second  nicol,  thus 
being  referre.1  to  the  same  nlnne  of  jiolarization,  they  interfere,  and  give  rise 

■After  ilienectiou  'j  In  [tosltion  on  the  atajfe.  Rod    properly  focuB*Ml.  Ilie  eye-piece  Is 
remuvnl  umi  a  couilwwiiig  lens  inserted  over  the  lower  nico)      It  1»  linpor'nnl  lo  use  a 
■mly  liigli-powemijw^llve.     It  is  also  possible  lo  see  mial  flg.in 


s  of  either  of  the  crossed  i 
626. 


icols,  must  necessarily  be  extinguished.     Tb's 
627. 


t  [JniniUl  cryntals  whlnh  prmluce  circular  polaiizntion  cibiblt  n 
jtUMtfii    "    -   - ■- 

It  DOtHl  ll 


Ji  axial  Iitterferenee- 

OjCUM  (Fig.  a  of  ilioplnte  referred  to  above)  whicb  differs  somewliTil  from  Ibul  deacrlbedt.' 
at  Dotcd  lu  Alt.  S6d.    Some  uiomallea  are  meulioued  later.    (Art.  til  )  -^ 
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to  a  series  of  concentric  rings,  light  and  dark  in  monochromatic  light,  bat  in 
ordinary  light  sliowing  the  successive  colors  of  the  sjHJCtmm.  The  phenomenon 
irf  c-lo.*<;ly  analogous  to  that  of  the  Newton's  rings  mentioned  in  Art.  313.  A 
cone  of  converging  rays  passes  through  the  crystal  aiid,  having  traversed  the 
M/cond  nicol,  each  is  divided  into  two  rays  with  common  vibration -planes,  but 
one  of  them  (the  ordinary  ray  in  positive  crystals)  slightly  retarded  with 
reference  to  the  other.  When  the  amount  of  retardation  is  equal  to  a  whole 
wave-length  (supposing  monochromatic  light  to  be  eroploj-ed)  the  effect  of  the 
interference  is  to  destroy  the  light,  and  the  plane  section  of  the  cone,  or  circle, 
apj>ears  dark.  Other  dark  rings  are  seen  at  distances  which  correspor.d  ;o  a 
retanlation  of  2,  3,  4  times  a  wave-length.  If,  however,  the  retardation 
amounts  to  a  half  wave-length  or  an  odd  multiple  of  this,  the  two  rays  unite 
to  strengthen  each  other  and  give  rise  to  a  light  ring.  If  ordinary  white 
light  is  employed,  the  relations  are  similar,  but  the  retardation  cones  overiap 
iKfcaase  of  the  different  values  of  the  refractive  indices  (i.e.,  velocities)  for 
the  different  wave-lengths,  and  the  series  of  colored  circles  is  the  result. 

The  distance  of  each  successive  ring  from  the  center  obviously  depends 
upon  the  birefringence,  or  the  difference  between  the  refractive  indices  for 
the  onlinary  and  extraordinary  ray,  and  also  upon  the  thickness  of  the  plate. 
The  stronger  the  double  refraction  and  the  thicker  the  plate,  the  smaller  the 
angle  of  the  light-cone  which  will  give  a  certain  amount  of  retardation,  or, 
in  other  words,  the  nearer  the  circles  will  be  to  the  center.  Further,  for  the 
Fame  section  the  circles  will  be  nearer  for  blue  light  than  for  red,  because  of 
their  shorter  wave-length.  Wiien  the  thickness  of  the  plate  is  considerable, 
only  the  black  brushes  are  distinctly  seen. 

361.  Determination  of  the  Befractiye  Indices. — A  single  prism  suffices  for 
the  measurement  of  the  indices  of  refraction,  co  and  e,  with  the  refractometer. 
P'urther,  its  edge  may  be  either  parallel  to  the  vertical  axis  or  at  right  angles 
to  tliis  direction.  Such  a  prism  yields  two  images  of  the  slit,  one  correspond- 
ing to  the  ordinary  and  the  other  to  the  extraordinary  ray,  and  fdr  each  the 
angle  of  minimum  deviation  is  to  be  determined,  that  is,  the  angle  6  in  the 
general  formula  of  Art.  304.  Which  of  the  two  rays  corresponds  to  the 
ordinary  and  which  to  the  extraordinary  ray  can  be  easily  distinguished  by 
means  of  a  nicol,  the  position  of  whose  vibration-plane  is  known.  'J'his  will 
extinguish  that  ray  whose  vibrations  take  place  in  a  plane  at  right  angles  to 
its  own  vibnition-plane. 

362.  Other  Methods  for  Determining  the  Refractive  Indices. — The  method 
of  total  retieclioii  (Arts.  303  and  325)  may  also  be  employed  to  determine  the 
valneri  of  (o  and  e.  The  seclion  taken  of  a  uniaxial  crystal  has  its  surface 
most  convtMjiently  parallel  to  the  vertical  axis.  It  is  so  placed  that  the  direc- 
tion normal  to  tluj  optic  axis  is  horizontal.  The  light  is  here  separated  into 
two  rays,  having  sei)arate  limiting  surfaces,  and  with  a  nicol  prism  it  is  easy 
to  (Ic'terminu  which  of  them  corrcs})onds  to  the  vibrations  parallel  and  perpen- 
tiiciilar,  ro>])ectively,  to  the  optic  axis. 

Again,  it  is  possible  to  obtain  the  refractive  indices  with  considerable 
accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances  between 
the  black  rings  in  the  interfercnce-tigures  as  seen  in  homogeneous  light.  The 
relation  between  those  distances  and  the  oj)tical  "axes  of  elasticity"  was 
establislied  by  Xounumn  (Pogg.  Ann.,  33,  !257, 1834).  Bauer  has  also  developed 
the  same  method  as  applied  to  uniaxial  crvstals,  and  employed  it  in  the  case 
of  brucite  (Ber.  Ak.  Berlin,  1877,  704,  and  1881,  958). 

With  the  ])olarization-microscope  the  most  simple  method  is  that  of  the 
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Dake  de  Cbanlnes,  explained  in  Art.  326;  this  requires,  however,  that  the  two 
quantities  measured  should  be  determined  with  a  considerable  degree  of 
accnracy,  it  the  resnlt  ia  to  be  more  than  an  approximation.  (Cf.  fnrther, 
Bosenbnsch,  Mikr.  Fhys.,  p.  155  et  seq.,  1892.) 

363.  Determination  of  the  Positive  or  Negative  Character.— The  most 
obvioas  way  of  determining  the  character  of  tlie  aoiible  refraction  (e  >  w  or 
b>  >  6)  is  to  measure  the  refractive  indices  in  accordance  with  the  principles 
eiplained  iu  the  preceding  articles.  It  is  not  ulw>ws  possible,  liowever,  lo 
obtain  a  prism  suitable  for  this  purpose,  and  in  any  case  it  is  conventeiit  lo 
have  a  more  simple  method  of  accomplishing  the  result. 

Id  the  case  of  nniazial  crystals,  the  method  which  is  practically  tlie  most 
simple  is  that  suggested  by  Dove — the  use  of  a  cleavage  plate  of  mnscoviic  of 
sacn  thickness  that  the  two  rays  in  passing  through  suffer  a  difference  of  pliase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  mciltiple  of  this.  It  is  often 
called  a  qnarter-nndulation  plate  (see  Art.  322). 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  nicols  in  the  polariscope;  the  black 
cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now,  while 
the  given  section  occnpies  this  position,  the  mica  plate  be  placed  over  it,  with 
the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction  marked 
by  a  lino  for  convenience)  making  an  angle  of  45°  with  the  vibration -phines  of 
the  nicols.  The  interference -figure  is  completely  transformed.  The  colored 
rin^  are  broken  by  two  more  or  less  eao  S30 

distinct  hyperbolic  brushes  which  pass 
through  two  black  spots  near  the  center, 
while  the  rings  in  the  corresponding 
quadrants  are  pushed  out  from  the 
center,  and  in  the  two  remaining  ~ 
pushed  in. 

If  now  the  line  joining  the  two 
dark  spots  is  at  right  angles  to  the  axial 
plane  of  the  mica  (shown  in  the  figures 
by  the  arrow)  the  crystal  under  experiment  is  opposite  in  refractive  character 
to  the  mica,  that  is,  positive  (Fig.  529);  if  this  lino  coincides  with  axial  direc- 
tion, the  crystal  is  like  the  mica,  negative  (Fig.  530). 

3A4.  With  ILe  microscope  tlie  altove  metliod  may  n) so  be  employed,  llie  mica  plate, 
usually  <Q  the  form  of  a  narrow  strip  whose  clongfttino  Is  llist  of  llie  plniic  of  llie  opiic 
kipB.  bemg  introcluced  Ibrough  a  allt  in  the  lube  lietweeu  ilie  section  and  llie  analyser. 
Here,  however,  the  field  of  view  U  smaller  tban  In  Ibe  pokrlacopc.  mid  Uie  binck  ilola  nre 
not  always  distiaclly  observed  ;  tbia  is  particularly  true  If  the  section  lie  very  tliln  or  [be 
minernl  of  low  birefringence.  In  siicli  cost's  n  sulenlle  plale  ts  conveniently  employed. 
Iliis  \i  of  sucb  tliickness  as  to  give  n  re<l  of  (lie  first  ortler.  nnd  llie  dirccltrm  of  elnoKntion 
usiinlly  correaponda  to  the  axis  a  (Art.  378).  Tlie  plale  is  inserted  In  tbe  tiilw  with  lis  sxes 
inclined  45°  to  the  vl  brail  on -planes  of  the  nicols.  Thia  serves  lo  increase  the  retnrdntlim 
lietweeD  the  two  raya  traversing  the  aections  in  two  alternate  qiiadrnnU  and  lo  diminish  ill  is 
in  the  others :  the  effect  being  shown  by  tbe  rise  nr  fall  of  the  interFei«nre  colois,  iia  com- 
pared with  the  usual  acale  (Art.  SEQ).  For  vxiimplc,  two  blue  ureas  (second  order)  may  lie 
teen  iu  two  opposite  qiiadmntB  and  two  yellow  (flr^t  order)  iii  the  others  The  bine  areas 
here  correspond  In  position  to  the  btnek  dots  in  Figs.  526  and  630 :  hence  if  the  line  joining 
lliem  is  transverse  to  that  of  the  nils  (a)  of  tl:c  selenlle  plale  the  minenil  is  positive  ;  ft  it 
roincldes  with  tt  the  mineral  is  uegalive, 

365.  Absorption  Phenomena  of  Uniaxial  Crystals.  Dichroiam. — In  uniaxial 
crystals  it  has  been  seen  that  there  are  two  distinct  values  for  the  velocity  of 
light  transmitted  by  them,  according  as  the  vibrations  take  place  parallel  or 
it  right  angles  to  tue  vertical  axis.    Similarly  the  crystal  may  exert  different 
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degrees  of  absorption  upon  the  rays  transmitted  by  vibrations  in  these  two 
directions.  For  example,  a  transparent  crystal  of  zircon  looked  through  in 
the  direction  of  the  vertical  axis  appears  of  a  pinkish-brown  color,  while  iu 
a  lateral  direction  the  color  is  asparagus-green.  This  is  because  the  rays 
(extraordinary)  vibrating /)ara//e/  to  the  axis  are  absorbed  with  the  exceptiou 
of  thoee  which  together  give  the  green  color,  and  those  vibrating  laterally 
(ordinary)  are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis,  is  absorbed,  while 
light-colored  varieties,  looked  through  laterally,  are  transparent,  for  the  extraor- 
dinary ray,  vibrating  parallel  to  the  axis,  is  not  absorbed;  the  color  differs  in 
different  varieties.  Thus  all  uniaxial  crystals  may  be  dichroic  or  have  two 
distinct  axial  colors. 

'I'he  absorption-colors  are  most  satisfactorily  investigated  by  examining  a 
section  cut  parallel  to  the  vertical  (optic)  axis  under  the  microscope  provided 
with  a  single  polarizing  nicol.  The  light  that  passes  through  the  section  is 
then  that  corresponding  to  vibrations  coinciding  with  the  known  vibration- 
plane  of  the  nicol,  and  as  the  section  is  rotated  90°,  both  the  two  axial  colors 
are  observed  in  succession.  Beferences  to  some  important  papers  on  this  sub- 
ject are  given  on  p.  219. 

An  instrumeDt  called  a  diehroicope,  contrived  by  Htildiuger.  is  sometimes  used  for 
exAuiining  this  pio|H*rty  of  crystals.  Au  oblong  rhombohedron  of  Iceland  spur  has  a  glass 
prism  of  18**  cemented  to  each  extremity.  It  is  placed  in  a  metallic  cylindrical  case,  as  in 
the  figure,  having  a  convex  lens  at  one  end.  and  a  square  hole  at  the  other.    On  looking 

631.  632. 


through  it,  the  square  h<»1e  appears  double;  one  image  belongs  to  tlie  ordinary  and  the 
otlier  to  ttie  extruordinnry  ray.  When  a  pleoohroic  crystal  is  examined  with  it  by  trans- 
mitted light,  on  revolving  ii  the  two  squares,  at  intervals  of  90"  in  the  revolution,  have 
^liffertni  colors,  corresponding  to  the  vibration-planes  of  tlie  onlinary  and  extraordinary 
ray  in  cnlci'e.  Since  the  two  images  are  ^ituateii  side  by  side,  a  very  slight  difference  of 
/Color  is  perceptible. 

366.  Circular  Polarization. — The  subject  of  elliptically  polarized  light  and 
circular  polarization  has  already  been  oriefly  alluded  to  in  Art.  323.  This 
phenomenon  is  most  distinctly  observed  among  minerals  in  the  case  of  crystals 
belonging  to  the  rhombohedral-trapezohedral  group,  that  is,  quartz  and  cinnabar. 

It  has  been  explained  that  a  section  of  an  ordinary  uniaxial  crystal  cut 
normal  to  the  vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for 
every  position  between  crossed  nicols.  If,  however,  a  similar  section  of  quartz, 
say  1  mm.  in  thickness,  be  examined  under  these  conditions,  it  appears  dark 
in  monochromatic  light  only,  and  that  not  until  the  analyzer  has  oeen  rotated 
so  that  its  vibration-plane  makes  for  sodium  light  an  angle  of  24°  with  that  of 
tlie  polarizer.  In  other  words,  tliis  quartz  section  has  rotated  the  plane  of 
polarization  {i.e.,  the  vibration-plane  normal  to  it)  some  24%  and  here  either 
to  the  right  or  to  the  left,  looking  in  the  direction  of  the  light.  The  amount 
of  this  rotation  increases  with  the  thickness  of  the  section,  and  as  the  wave- 
length of  the  light  diminishes  (for  red  this  angle  of  rotation  for  a  section  of 
1  mm.  is  about  19%  for  blue  32°).    The  direction  of  the  rotation  is  to  the  right 
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or  left,  as  defined  above — according  as  the  crystal  is  crystallographically  right- 
handed  or  left-handed  (p.  83). 

If  the  same  section  of  quartz  (cut  perpendicular  to  the  axis)  be  viewed 
between  crossed  nicols  in  converging  polarized  light,  it  is  found  that  the  inter- 
ference-figure differs  from  that  of  an  ordinary  uniaxial  crystal.  The  central 
portion  of  the  black  cross  has  disappeared,  and  instead  the  space  within  the 
inner  ring  is  brilliantly  colored."*  furthermore,  when  the  analyzing  nicol  is 
revolved,  this  color  changes  from  blue  to  yellow  to  red,  and  it  is  found  that  in 
some  cases  this  change  is  produced  by  revolving  the  nicol  to  the  r^ghty  and  in 
other  cases  to  the  left;  the  first  is  true  with  right-handed  crystals,  and  the 
second  with  left-handed.  If  sections  of  a  right-handed  and  left-handed  crystal 
are  placed  together  in  the  polariscope,  the  center  of  the  interference-figure  is 
occupied  with  a  four-rayed  spiral  curve,  called,  from  the  discoverer.  Airy* 8 
spiral.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of  the  combina- 
tion of  right-  and  left-handed  individuals  (according  to  the  Brazil  law)  which 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed. 
Twins  of  this  species  also  not  infrequently  show  Airy's  spirals  in  the  polariscope. 

C.  Biaxial  Cbystals. 
General  Optical  Relations. 

867.  Prinoipal  Beftaotive  Indices. — All  crystals  of  the  third  or  anisometrio 
class,  that  is,  those  of  the  orthorhombic,  monoclinic,  and  triclinic  systems,  are 
optically  biaxial.  In  the  directions  of  the  optic  axes  there  is  a  single  value 
only  for  the  light  velocity,  but  in  other  directions  f  a  light-ray  is  separated  into 
two  rays  propagated  with  different  velocities  ;  that  is,  it  suffers  double 
refraction. 

The  study  of  biaxial  crystals  shows  that  there  are  two  directions  within 
them  at  right  angles  to  each  other,  corresponding  to  which,  as  vibration-axes, 
the  refractive  indices  have  respectively  a  minimum  (a)  and  a  maximum  value 
(y)  for  the  given  substance.  Further,  in  a  third  direction  at  right  angles  to 
each  of  those  just  named,  the  refractive  index  has  a  certain  intermediate  value, 
related  to  the  others  by  a  simple  mathematical  law.  These  three  rectangular 
directions,  or  ether-axes,  are  properly  axes  of  vibration,  and  the  three  corre- 
sponding^ refractive  indices  determine  the  rate  of  this  transverse  vibration  and 
hence  the  velocity  of  the  light-ray  which  corresponds  to  each  of  them.     The 

values  of  the  velocities  are  respectively  proportional  to  -,  -^,  -. 

The  indices  a,  /?,  y  are  called  the  principal  refractive  indices  for  the  given 
substance.     The  mean  refractive  power  is  given  by  their  arithmetical  mean, 

viz.,  —  -.    Further,  the  difference  between  the  greatest  and  least  index, 

y  ^  a^  measures  the  birefringence  or  stretigth  of  the  double  refraction. 

368.  Optical  Structure  of  Biaxial  Crystals.— It  is  found  further  tlint  the 
optical  structure  of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid  having 
as  its  axes  the  three  lines  mentioned  in  the  preceding  article  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to  the  indices  a,  fi,  y,  '\\\\d 
indeed  would  be  inferred  (following  Fresnel)  from  the  analogy  of  uniaxial 
crystals.     The  position  of  the  axes  named,  or,  in  other  words,  the  synimetrv  of 


*  Very  thin  lectioos  of  quartz,  however,  show  {e.g.,  wiih  tlie  microscope)  the  dark  cross 

ID  ordlnarY.  untaxial  crystal. 

t  On  the  dlstlDCiton  between  the  primary  aud  the  secoDdary  oplic  axes,  see  Art.  S71. 
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this  ellipsoid,  is  snch  as  to  correspond  to  tlie  general  crystallographic  symmetry 
of  the  crystal.  For  example,  to  repeat  the  siatement  already  made  (Art.  348), 
ill  the  orthorhombii:  tsystem  the  axes  of  tliis  ellipsoid  coincide  in  direction  with 
the  crystal! ogniphic  axes.  In  i\i&  monoclinic  system,  one  of  them  coincides 
with  the  axis  of  crystal lograpliic  symmetry  (5),  the  other  two  lie  in  the  plane 
of  symmetry,  that  ia,  iu  the  pliioe  of  the  crystallographic  axes  a  and  d.  In  the 
triclinic  system  there  is  no  iiecessiiry  counectioi:  between  the  position  of  the 
ether-axes  and  the  crystallographic  axes. 

369.  Indieatriz.^It  may  be  shown,  as  is  done  by  Fletcher,  that  the  ellipsoid 
mentioned,  whose  axes  repre- 
sent in  magnitude  the  three 
principal  refractive  indices, 
a,  fi,  y  (where  a  <  (i  <  y), 
not  only  exhibits  the  charac- 
ter of  the  optical  ajmmetry, 
bnt  also  serves  to  represent 
the    direction,   Telocity    and 

filane  of  polarization  of  a 
i";ht-ray  in  any  direction 
whatevf  r,  precisely  analogous 
to  the  spjiei'oid  mentioned  on 
p.  19(1.  See  Fig.  533  (from 
broth),  also  Figl.  518,  519. 
That  is,  for  the  two  rays 
having  any  direction,  as  Or 
in  the  plane  of  the  axes  AA, 
VC  (Fig.  534),  the  velocities 


will  be  proportionni  to 


*'"'  7Tr  \~  w!  f^^pectively,  and  the  planes  of  polarization  will  be  perpen- 


diciihir  to  these  lines.  From  the  equation  of  this  index-ellipsoid,  called  by 
Fletcher  the  iudicatrix  (see  Art.  3S5),  it  is  possible,  as  shown  by  the  author 
named,  to  deduce  by  ordinary  analytical  methods  the  mathematical  expression 
fi>r  the  wave-surface,  the  position  of  the  two  sets  of  optic  axes  (later 
expliui)cd),etc. 

Odp  important  relation  appears  at  once  from  «  first  study  of  this 
ellipsoid.  Ubviously  for  two  definite  (xisitions  of  transverse  planes  passiiij; 
thronjjh  tJie  center  (i9A',  i^'iS",  Fig.  533),  these  positions  depending  upon  tlie 
reliiliie  viiliies  of  a  and  v,  the  cross-sections  will  be  circles  each  having  a 
radius  e<)uul  to  the  index  p,  intermediate  in  value  between  a  and  y;  similarly 
all  seorioMj  parailel  to  these  are  also  cii'cles.  Hence,  light  propagated  in  a 
direction  normal  to  these  planes,  that  is,  by  vibrations  lying  in  them,  will 
suffer  Tio  dnni)Ie  refraction— and  nfler  the  analogy  of  uniaxial  crystals  these 
direciioiis  are  i^alled  opfic  axes;  tliey  are  the  primnri/  optic  axes  mentioned  in 
Art.  371. 

370.  Wave-sarface.— Following  out  the  analogy  of  uniaxial  ciystals. 
Fresnel  deduced  the  now  generally  accepted  "  wave-anrfaoe"  (or  biaxial 
crystals.  That  it  gives  correctly  the  law  of  the  varying  refractire  mdices  (that 
is,  of  varying  light. velocity)  in  a  biaxial  crystal  has  been  demonstratea  by 
the  agreement  between  the  requirements  of  the  theory  and  the  reanlta  of 
experiment. 

The  form  of  the  sectionB  of  this  wave-eartace  with  the  time  tMtaogitlar 
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axial  planes  are  easily  deduced  by  very  elementary  considerations,  though  the 
fall  analytical  development  is  most  satisfactorily  derived  from  the  equation  of 
the  indicatrix  as  shown  by  Fletcher. 

First  consider  the  section  of  the  wave-surface  for  the  transverse  plane  of 
the  axes  AB  (Fig.  533).  Light  passing  in  the  direction  of  the  axis  A  A  will 
be  separated  into  two  rays;  for  one  of  these  the  line  of  transverse  vibration 
will  correspond  to  the  axis  CO,  and  hence  its  rate,  or,  in  other  words,  the 

velocity  of  the  ray  itsel/,  will  be  proportional  to  — .  For  the  second,  the  direc- 
tion of  transverse  vibration  will  be  that  of  the  axis  BB,  and  its  rate,  that  is, 
the  velocity  of  the  ray  itself,  will  be  proportional  to  -r.     Let  these  values  be 

represented  in  Fig.  535  by  Oc'  [  =  -J  and  Ob  f  =  -^j.     Again,  in  the  direction 

of  the  axis  BB,  there  will  be  two  rays  whose 
vibration-directions  are  respectively  parallel  to 
the  axes  A  A  and  00,  and  their  velocities  in 

the  direction  of  BB  proportional  to  —  and  — 

respectively.  Let  these  be  represented  by  Oa 
and  Oc.  For  some  other  direction  in  the  same 
plane,  there  will  be  two  rays,  one  of  whose 
vibration-directions  corresponds  to  00,  and  its 

velocity  to  -,  represented  in  Fig.  533  by  Oc", 

while  for  the  other  there  will  be  an  intermediate 

vibration-direction  and  a  velocity  between  -  and 

-,  and  it  can  be  shown  (after  the  analogy  of 

uniaxial  crystals  and  as  proved  by  experiment) 

that  this  value  is  given  by  the  line  Or  in  the  ellipse  whose  major  and  minor 

axes  {On  and  Ob)  are  —  and  -.     Hence  the  circle  cc'  represents  the  section  of 

the  wave-surface  for  the  rays  in  the  given  plane,  whose  vibration-direction 

corresponds  to  the  axis  00,  and  the  velocity  to  the  constant  value  -.     While 

for  other  rays  the  vibration-directions  change  from  AA  to  BB,  and  the  velocity 

from  -  to  -3-. 
a       p 

The  ray  propagated  by  vibrations  in  the  direction  of  the  axis  00,  which 
has  the  constant  velocity  -,  that  is,  the  ray  whose  wave-front  in  this  cross- 
section  is  a  circle,  is  called  the  ordinary  ray,  since  on  refraction  it  remains  in 
the  plane  of  incidence.    The  other  ray,  whose  velocity  varies  with  the  direction 

from  —  to  -5,  is  called  the  extraordinary  ray. 

Again,  take  the  plane  of  the  axes  BO  (Fig.  533).  Whether  the  direction 
of  the  liffht  be  that  of  B  or  of  0,  or  any  intermediate  line  in  the  same  plane, 
there  wm  be  in  each  position  one  ray  whose  vibration-direction  is  that  of  the 
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axis  A,  and  whose  velocity  is  hence  expr^Bsed  by  — ;  for  it  the  aectiou  of  the 
wave-surfHce  will  be  a  circle.  For  the  other  ray,  if  parallel  to  B,  the  vibration- 
direction  will  be  that  of  the  axis  C,  and  its  velocity  is  repi'esented  by  — .  If 
it  ia  parallel  to  C,  its  vibration -directioD  is  that  of  B,  and  its  velocity  is  given  by 
— .  As  in  the  other  axse,  intermediate  values  will  be  given  by  the  ellipse 
636.  S37. 


having  -'   and  -  for  its  major  and  minor  axes.    The  combined  section  of  the 
wave-surface  is  shown  in  Fig,  536,    Herealso,  therny  with  the  constant  velocity 


-  is  called  the  ordinary  ray;  the  other  is  the  extraordinary  ray. 
638. 


For  the  third  plane,  that  of  the  axes 
AC,  one  ray  will  always  have  as  its 
vibration -direction  that  of  the  axis  B 
and  its  velocity  will  hence  be  expressed 

by  -^.  For  the  other  ray,  if  parallel  to 
J,  the  vibration -direction  is  that  of  C, 
and  the  velocity  is  expressed  by  -.  If 
parallel  to  C,  the  vibration- direction  is 
that  of  A  and  the  velocity  — ,  and  simi- 
larly for  intermediate  positions.  The 
section  of  the  wave-surface  constructed 
from    these    values    is    given    in    Fig. 

53T.   Here  the  circle  Iradins  =ro)  cnts 

the  ellipse  at    the   points   PP.   P'P'. 

c  The  complete  wave-^nrface,    ot  which 

the   three  axial  sections  are  given   in 

Figs.  535,  53S,  and  S37,  can  be  constructed,  but  it  is  not  mi;  to  form  a 
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639. 


complete  knowledge  of  the  form  without  having  a  model  in  hand.  Some  idea 
of  it  may  be  gathered  from  Fig.  538. 

371.  Primarv  and  Secondary  Optic  Axes. — It  has  already  been  briefly 
stated  (Art.  367)  that  there  are  two  directions,  namely,  those  normal  to  the 
circular  cross-sections  of  the  indicatrix  (SS,  S'S^  Fig.  533)  in  which  the  light 

is  propagated  by  transverse  vibrations  of  like  rate  f —j.  Hence  in  these  direc- 
tions in  a  crystal  there  is  no  double  refraction  within  the  crystal;  nor  is  there 
when  the  ray  emerges.  These  two  directions  bear  so  close  an  analogy  to  the 
optic  axes  of  a  uniaxial  crystal  that  they  are  also  called  optic  axes,  and  the 
crystals  here  considered  are  hence  named  biaxial.  In  Fig.  537,  these  optic 
axes  have  the  direction  S8,  S'S'  normal  to  the  tangeut  planes  //,  t't',  and 
the  direction  of  the  external  wave  is  given  by  the  normal  Sc  (Fig.  539). 

Properly  speaking  the  directions  mentioned  are  those  of  the  primary  optic 
ojeBy  for  there  are  also  two  other  somewhat  analogous  directions,  PP, 
P' P\  of  Fi^.  537,  called  for  sake  of  distinction  the  secondary  optic  axes. 
The  properties  of  the  latter  directions  are 
obvious  irom  the  following  considerations. 

In  the  section  of  the  wave-surface  shown 
:n  Fig.  537  (also  enlarged,  in  Fig.  539), 
corresponding  to  the  axial  plane  AC,  it  is 

seen  that  the  circle  with  radius  06  f -=  -r) 

intersects  the  ellipse  whose  major  and  minor 

axes  are  Oa  ( =  -J  and  Oc  f  =  —J  in  the  four 

points  P,P,  P\P\  Corresponding  to  these 
directions  the  velocity  of  propagation  is  obvi- 
ously the  same  for  both  rays.  Hence  within 
the  crystal  these  rays  travel  together  without 
double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays 
(for  the  tangent  for  one  ray  is  represented  by 
mm  and  for  the  other  bj  n».  Fig.  539)  they 
do  suffer  double  refraction  on  emerging;  in  fact,  two  external  light-waves  are 
formed  whose  directions  are  given  by  the  normals  F^  and  Pv.  These 
directions,  PP,  P*P\  therefore  have  a  relatively  minor  interest,  and  whenever, 
in  the  pages  following,  optic  axes  are  spoken  of,  they  are  always  the  primary 
optic  axes,  that  is,  those  having  the  directions  SS,  S'S*  (Fig.  537),  or  OS, 
Fig.  539.*  In  practice,  however,  as  remarked  in  the  next  article,  tlie  angular 
variation  between  the  two  sets  of  axes  is  usually  very  small,  perhaps  1° 
or  less. 

S78.  Interior  and  Xzttfior  Oonieal  Refraetion.— The  timgent  pinne  to  (he  wave-surfiire 
dmwu  normal  to  the  line  0<S  through  the  i>oint  6*  (Fig  589)  may  be  shown  to  meet  it  in  a 
small  circle  on  whtiw  drcunifereuce  lie  the  points  8  and  T.  This  circle  is  the  bMse  of  tlie 
interior  cone  of  rays  BOT^  wliose  remarkable  properties  will  be  briefly  liinted  «t.  If  a 
section  of  a  biaxial  cryslal  be  cut  with  its  faces  normal  to  05.  those  parallel  niys  belonging 
to  a  cylinder  baviuff  this  circle  as  its  bafie*  incident  upon  it  from  without,  will  l>e  propagated 
witbiu  as  tbe  cone  of^T*.  Conversely,  rays  from  within  corresponding  in  position  to  ihe 
surface  of  tbia  oone  will  emerge  parallel  and  form  a  circular  cylinder.  This  phenomenon 
is  calif  d  inUfiar  conical  reaction. 


*Fl6lob«r  calls  the  primary  axes  binormaU,  the  secondary  axes  biradiaU. 
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On  the  other  hand,  if  a  section  be  cut  with  its  fnces  normal  to  OP,  those  rays  having 
the  direction  of  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  be 
propagated  within  parallel  to  OP,  and  emerging  on  the  other  surface  form  without  a  similar 
cone  on  the  other  side.    This  phenomenon  is  culled  exterior  conical  refraction. 

In  the  various  figures  given  (585-589)  ihe  relations  are  much  exagirerated  for  the  sake 
of  clearness;  in  practice  the  relatively  small  difference  between  the  indices  of  refraction 
a  and  y  makes  this  cone  of  small  angular  size,  rarely  over  2**.  For  example,  with  sulphur, 
which  has  very  strong  double  refraction  (y  —  a  =  0*29 ;  compare  the  values  given  in  Art. 
859  and  Art.  882).  the  values  of  a,  fl,  y  for  yellow  sodium  light  were  measured  by 
Schrauf  as  follows : 

a  =  1-95047.  fi  =  2  08832,  y  =  2  24052. 

373.  Axes  of  Elasticity. — As  intimated  in  Art.  368^  Fresnel  appears  to  have 
deduced  the  wave-surface  of  biaxial  crystals,  as  it  is  here  called  following 
him,  by  a  eeneralization  from  that  accepted  for  the  more  simple  uniaxial 
crystals.  The  explanation  of  the  observed  phenomena,  attempted  by  him,  was 
based  upon  the  assumption  that  the  varying  velocity  of  light  shown  by  the 
varying  values  of  the  refractive  indices  depended  upon  the  variable  elasticity 
of  the  ether  within  the  crystal.  Since,  as  stated  on  p.  160,  it  seems  better  not 
to  insist  upon  this  hypothesis  and  since,  further,  it  is  possible  to  describe  all 
the  phenomena  without  attempting  to  explain  the  properties  of  the  ether 
upon  which  the  ultimate  values  of  the  pulses  depend  which  manifest  them- 
selves as  light-waves,  all  mention  of  elasticity  has  been  thus  far  avoided. 

These  "axes  of  elasticity"  are  of  great  con- 
venience in  describing  the  optical  properties 
of  crystals,  and  it  is  hence  necessary  to  make 
frequent  use  of  them.  They  are  uniformly 
represented  by  the  letters  a,  b,  c,  where 
a  >  b  >  c  as  shown  in  Fig.  540,  and  where 

further  it  is  true  that  a  :  b  :  c  =  —  :  -rr  :  — i 

a      p       y 

^i  fiy  y  being  the  three  principal  refractive 
indices  (a  <  /H  <,  y).  The  throe  axes  as  given 
in  Fig.  540  then  have  the  direction  of  the 
three  ellipsoidal  axes  (Fig.  533) ;  the  maximum 
value  of  the  elasticity,  a,  corresponds  to  the 
minimum  value  of  the  observed  refractive  index  a,  and  this  in  turn  cor- 
responds to  the  maximum  velocity  of  a  ray  propagated  perpendicular  to  the 
j)lane  of  the  axes  a  and  b  by  vibrations  having  a  direction  parallel  to  this 
axis  a;  similarly  for  the  axes  b  and  c. 

Wlienever  in  this  work  the  axes  a,  b,  c,  which  may  be  simply  called  the 
ef/ter-aj'es,  are  spoken  of  in  describing  the  optical  characters  of  crystals,  it 
is  to  be  understood  that  they  have  the  directions  indicated,  corresponding 
respectively,  as  just  explained,  to  the  ellipsoidal  axes;  moreover,  their  relative 
niairnitude  is  expressed  as  follows:  a  >  b  >  c. 

374.  Bisectrices,  or  Mean-lines. — As  sliown  in  Art.  371,  the  ontic  axes 
always  lie  in  the  plane  of  the  axes  ot,  y  of  the  indicatrix  (that  is,  of  the  ether- 
axes  a  and  c);  this  is  called  the  optic  axial  plane  (or  briefly,  or. />/.).  The 
value  of  the  optic  axial  angle  is  known  when  the  values  of  the  refractive 
indices,  ot,  (i,  y,  are  given,  as  stated  in  the  next  article.  That  axis  (cf.  Fig. 
51)9,  also  Figs.  541,  54*2)  which  bisects  the  acute  angle  of  the  optic  axes  is 
called  the  acute  bisectrixy  or  first  mean-line^  and  that  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix,  or  second  mean-line. 

The  acute  bisectrix  is  often  represented  by  £x^^  the  obtuse  biaeotrix  by  Bx^ 
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t  the  word  bisectrix  is  used  alone  without  special  qualification  it  is  always  to 
>e  understood  as  referring  to  the  acute  bisectrix. 

375.  Belation  of  the  Axial  Angle  to  the  Eefractive  Indices. — If  in  a  given 
Ase  the  v{ilaes  of  a,  /3,  and  y  are  known^  the  value  of  the  interior  optic  axial 
Agle  {2  V)  can  be  calculated  from  them  by  the  following  formulas: 


008  •F  =  - 


1^ 


a' 


or   tan*  V  = 


tt' 


."-  •• 


_1^ 


376.  Positive  and  Negative  Crystals.— Biaxial  crystals  are  distinguished  as 
ptically  positive  (+)  or  negative  ( — )  after  a  manner  analogous  to  the  usage 
rith  uniaxial  crystals.  Referring  to  Fig.  533  of  the  ellipsoid,  and  also  to  Fig. 
39,  it  will  be  obvious  at  once  that  for  certain  relative  values  of  the  indices, 
h  fif  Y*  ^^  interior  optic  axial  angle  must  be  90°.    In  other  words,  in  this 


Positive  Crystal,  Bxa  =  c. 


Negative  Crystal,  Bxa  =  a. 


ase  the  planes  of  the  optic  axes  will  be  equally  inclined  to  the  two  planes  of 
he  ether-axes.  Such  a  case,  however,  is  rare  in  practice,  and  when  it  occurs 
t  is  true  for  light  of  a  certain  color  *  (wave-length)  only,  and  not  for  others. 


•For  daobnrite  3F=:  dO**  14'  for  greea  (thallium)  aud  90'  14'  for  blue  (CuSO«). 
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Roughly  expressed,*  the  optic  axes  will  lie  nearer  to  c  than  to  a — that  is, 
c  will  be  the  bisectrix — when  the  value  of  the  intermediate  index,  /?,  is  nearer 
that  of  a  than  to  that  of  y.  Such  a  crystal,  for  which  Bx^  =  c,  is  called  optiailly 
positive.  It  is  obvious  (cf.  Fig.  541)  that  in  this  case,  as  the  angle  diminishes 
and  becomes  nearly  equal  to  zero,  the  form  of  the  ellipsoid  then  approaches 
that  of  the  prolate  spheroid  of  the  positive  uniaxial  crystal  as  its  limit  (Fig. 
521,  p.  195);  this  shows  the  appropriateness  of  the  +  sign  here  used. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  Q  than  to  c—that  is,  a  will 
be  the  bisectrix — if  the  value  of  the  mean  index  fi  is  nearerf  to  that  of  y  than 
to  that  of  a.  Such  a  crystal,  for  which  Bx^  =  a,  is  called  optically  negative. 
It  is  seen  that  in  this  case  (Fig.  542)  the  smaller  the  angle  the  more  the 
ellipsoid  approaches  the  oblate  spheroid  of  the  negative  uniaxial  crystal 
(Fig.  520,  p.  195). 

The  following  are  a  few  examples  of  positive  and  negative  biaxial 
crystals : 

Positive  (+).  NegaUve  (-). 

Sulphur.  Aragonite. 

Enstatite.  Hypersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

C  h  rysol  ite.  Epido  te. 

Albite.  Axinite. 

377.  Dispersion  of  the  Bisectrices. — In  certain  cases  the  ether-axes  of  Fig. 
533  may  have  different  positions  in  the  crystal  for  different  colors;  that  is,  for 
different  wave-lengths.  This  is  true  of  the  two  axes  which  lie  in  the  plane  of 
symmetry  of  a  monoclinic  crystal,  and  of  all  the  three  axes  in  a  triclinic 
crystal.  This  results  in  a  phenomenon  which  is  often  called  the  dispersion  of 
the  bisectrices  J  and  which,  if  pronounced,  is  always  manifest  in  the  axial 
interference-figures,  as  explained  beyond. 

378.  Dispersion  of  the  Optic  Axes.— Further,  since  the  three  refractive 
indices  may  have  different  values  for  the  different  colors,  and  as  the  angle  of 
the  optic  axes  is  determined  by  these  three  values  (Art.  375),  the  axial  angle 
may  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  light  of  different  wave- 
lengtlis  is  called  the  dispersion  of  the  optic  axes,  and  the  two  extreme  cases 
arc  distinguished  by  writing  p>  v  when  the  angle  for  the  red  rays  (p)  is 
greater  than  for  the  blue  (violet,  t;),  and  p  <  v  when  the  reverse  is  true. 
These  cases  are  illustrated  later. 

Examination  of  Biaxial  Crystals  in  Polarized  Light. 

379.  Sections  in  Parallel  Polarized  Light.     Extinction-angle. — A  section  of 

a  biaxial  crystal  appears  dark  between  crossed  nicols  when  its  vibration -planes 
coincide. with  the  vibration-planes  of  the  nicols.     In  any  other  position  of  the 

•  ton  V=  45°  and  2  V  =  90  for  a  vahie  of  fi  given  by  the  equation 

«»      tP  "  ^'       r*  * 

t  To  compare  Figs.  542  and  520.  the  liorizontil  axis  of  tlie  former  should  be  placed  io  a 
vertical  position;  that  is,  the  axis  AA  of  Fig.  520  corresponds  to  c  of  FJjg.  MS. 
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section  i^<  appears  light  and  may  show  the  usual  bright  interference-color. 

Hence  the  use  of  the  polariscope,  or  polariza- 
tion-microscope, by  the  method  of  extinction, 
gives  a  quick  means  of  determining  the  position 
of  these  vibration-planes  in  a  given  case. 

For  example,  in  Fig.  543,  repeated  from 
p.  177,  let  the  two  larger  rectangular  arrows 
represent  the  vibration-directions  for  the  two 
nicols,  and  between  the  two  prisms  suppose  a 
section  of  a  biaxial  crystal,  abed,  to  be  placed 
so  that  one  edge  of  a  known  crystallographic 
plane  coincides  with  the  direction  of  one  of 
these  lines.  The  field  of  the  microscope, 
dark  before,  since  the  prisms  were  crossed,  is 
no  longer  so,  and  becomes  dark  again,  as 
explained,  only  when  the  crystal  is  revolved  so  that  its  vibration-directions 
(tne  smaller  dotted  arrows)  coincide  with  those  of  the  nicols,  as  is  indicated 
by  the  maximum  extinction  of  the  light.  The  crystal  has  then  the  position 
(Vh'c^iV.  The  angle  (indicated  in  the  figure)  which  it  has  been  necessary  to 
revolve  the  plate  to  obtain  the  effect  described,  is  the  angle  which  one  of 
the  vibration-directions  in  the  given  plate  makes  with  the  given  crystallo- 
graphic edge  ad\  it  is  often  called  the  extinction-angle. 

When  the  yibration-planes  of  a  crystal-section  coincide  in  direction  with 
the  planes  of  its  crystallographic  axes,  the  extinction  is  said  to  be  parallel ;  if 
not,  it  is  called  oblique  or  incliyied.  On  the  practical  determination  of  the 
extinction-directions  see  Arts.  380  and  389. 

380.  Determination  of  the  Extinction-directions  with  the  Microscope.— In 
the  nse  of  the  microscope,  in  cases  to  which  the  method  of  the  stauroscope  is 
not  applicable,  instead  of  depending  upon  the  somewhat  uncertain  estimate  of 
the  point  of  maximum  light-extinction,  a  convenient  way  is  to  employ  a  plate 
of  quartz,  which  for  a  certain  position  of  the  analyzer  gives  the  field  a  tint  of 
color  (a  purplish  pink),  to  slight  changes  in  which  the  eye  is  very  sensitive. 
When  the  section  is  revolved  on  the  stage  till  it  has  precisely  the  same  tint  as 
the  aarronnding  field,  its  vibration-planes  are  those  of  the  cross-hairs  in  the 
eyepiece  (supposing  the  lower  nicol  has  the  normal  position),  and  from  the 
gradnation  of  the  stage  their  position  in  the  section  can  be  at  once  determined. 
Instead  of  the  quartz,  a  plate  of  selenite  (Art.  364)  of  such  a  thickness  as 
to  giye  the  red  of  the  first  order  is  often  employed,  the  nicols  being  crossed. 
When  this  plate  is  inserted  as  usual,  the  crystal-section  can  have  the  same 
color  only  on  condition  that  its  vibration-directions  coincide  with  those  of  the 
nicols;  hence  their  crystallographic  orientation  in  the  section  is  readily  deter- 
mined and  with  considerable  accuracy. 

A  still  more  delicate  method  iuvolves  the  use  of  \\\e  Bertrand  ocular.  This  has  four 
sectors  of  quartz  cut  x  h  :  two  of  these,  diagonally  opposite,  are  from  a  right  handed,  the 
otiier  pair  from  a  left-handed  crystal.  When  the  diameters  in  which  the  sectors  meet  coin- 
cide with  the  vibration-directions  of  the  two  crossed  nicols,  the  two  pairs  of  qiiudrants  have 
precisely  the  same  color;  any  change  of  position,  however,  of  the  upper  nicol  causes  them 
to  assume  tints  complementary  to  each  other. 

Ajwuming  now  the  nicols  to  be  crossed  and  in  the  normal  position,  if  a  section  of  a  doubly 
refractinff  mineral  be  introduced  on  the  stage  of  the  microscope,  the  quadrants  in  gcneml 
take  unliKe  tints  and  are  brought  to  the  same  color  as  before  only  when  by  the  revolution 
of  the  stage  the  vibration-directions  of  the  section  are  made  to  corrosnond  precisely  to  those 
of  the  cnMied  nicols,  that  is,  of  the  diameters  of  the  ocular.  The  adjustment  can  l)e  made 
in  this  case  with  gnat  accuracy. 

881.  BdittOA  flf  tlie  Vibration-directions  to  the  Ether-axes.— In  the  most 
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general  case,  for  any  section  whatever,  the  relation  between  the  vibration- 
planes  and  the  ether-axes  is  highly  complex.*  A  common  special  case  is 
where  the  section  is  parallel  to  one  of  the  ether-axes;  this  then  fixes  one 
vibration-plane,  and  the  other  will  obvionsly  be  at  right  angles  to  it.  A  still 
more  special  case  is  that  of  a  section  parallel  to  the  plane  of  two  of  the  ether- 
axes;  these  axes  then  at  once  fix  the  directions  of  light- vibration  and  conversely; 
or,  in  other  words,  these  directions  being  determined  by  observation,  the  posi- 
tion of  tlie  axes  in  the  crvstal  section  is  known  from  them. 

The  practical  application  of  the  above  relations  depends  npon  the  crystallo- 
graphic  orientation  of  the  ether-axes,  and  is  spoken  of  later  under  the  different 
systems. 

382.  Color  of  a  Section  in  Parallel  Polarized  Light.— The  interference-color 
of  the  section  under  examination  depends,  as  before  explained,  upon  its  thick- 
ness and  npon  the  birefringence;  the  latter  varies  with  the  orientation  of  the 
section,  but  is  a  maximum  (equal  to  y  ^  a)  if  tlie  section  is  cut  parallel  to  the 
axes  a  and  c.  tiiat  is,  parallel  to  the  plane  of  the  optic  axes.  In  any  case  for  a 
given  thickness  the  interference-color  will  depend  upon  the  difference  between 
the  refractive  powers  of  the  two  vibration-directions.  For  sake  of  illustration, 
the  following  table  is  added  (from  Rosenbusch)  giving  the  thickness  of  section 
for  a  few  biaxial  crystals  which  yield  red  of  the  first  order,  with  also  their 
maximum  birefringence  {y  —  a). 

Birefringence  Thickness  in 

ly  —  rt).  millimeters. 

Brookite 0-158  0-00349 

Muscovite 0-042  0-01312 

Epidote 0-037  0-01490 

Augito 0-022  0-02505 

Gypsum 0-010  0-05510 

Orthoclase 0*008  0-06887 

Zoisite 0-006  0*09183 

Further,  it  mnv  be  noted  that  with  a  section  of  epidote  lb  ^010),  while  a  thickness  of 
about  001 5  mm.  gives  red  of  the  first  order,  one  of  0  028  gives  red  of  the  second  onier, 
and  of  0042  red  oiF  the  third  order. 

383.  Determination  of  the  Birefringence  with  the  Microsoope.— The  value 
of  the  niMximum  birefringence  (y  —  a)  is  obviously  given  at  once  when  the 
rofraotive  indices  are  known.  It  can  be  approximately  estimated  for  a  section 
of  proper  orientation  and  of  measured  thickness  by  tiie  comparison  of  the 
imerferonre-rolor  with  the  tjible  referred  to  in  Art.  320,  p.  178.  This  is  on 
the  as.snin])ti(m  tliat  the  thickness  is  such  as  to  yield  a  tint  of  readily  recog- 
nized ]io>ition  in  tlie  interference-scale.  To  which  order  a  given  interference- 
color  belonirs  can  be  readily  determined  by  the  com]>ensation  method  involving 
the  use  of  the  quartz- wedire  or  the  mica-wedge  of  Fedorow  (Art.  384). 

*  Tlie  vjiri.-iiio!!  in  dinctions  of  ixtinciioii  with  chnniro  of  the  orienl.ntion  of  the  section 
uuih'Y  examination  i^  cliirtly  interest ir.ir  in  the  nd'To-copic  •^tudy  of  rock-sertions.  It  is 
minutely  discu«i5^?d  in  the  Minenuix  dcs  Hoehes  of  M.  Levy  and  Lacroix.  The  same  sul>- 
jecl  Ims'also  been  exhaustively  tn;ateil  in  the  case  of  the  plagioelase  feldspars  bv  M.  Levy 
in  a  work  in  two  parts  entitled  **  Ktude  sur  la  determination  (ies  FcldspAths  dans  les  pUiiuos 
nnnees"  (Paris.  18d4.  1896).  Cf.  also  Fedorow,  :Zs.  1K.T jsi.,  22,' iM,  16^8;  27,  887,  18W; 
29.  (K)4.  1898;  also  Viola,  Miu.  iH?tr.  Miilh..  16,  481.  1895. 
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More  accurate  measurements  of  the  birefringeiico  cau  be  made  by  otlier 
methods^  as  with  the  quartz-comparator  of  M.  Levy.* 

384.  Determination  of  the  Relative  Eef::activo  I'cwer.— Tlic  rclativo  refrac- 
tive power  of  the  two  vibration-directions  in  a  thin  section  is  readily  deter- 
mined with  the  microscope  (in  parallel  polarized  light)  by  the  method  of  com- 
pensation. This  is  applicable  to  any  section,  whatever  its  orientation  and 
whether  uniaxial  or  biaxial.  Practically,  however,  it  is  chiefly  employed  when 
the  section  is  parallel  to  the  plane  of  two  of  the  ether-axes;  it  then  serves  to 
determine  the  relative  magnitude  of  these  axes.  If  the  position  of  either  bisec- 
trix in  the  section  is  known,  it  also  serves  to  determine  whether  the  crystal  is 
optically  positive  or  negative.  In  j^ractico  a  mica-plate  or  selenite-]>late  may  be 
used  with  very  thin  sections;  or  with  thicker  ones  a  quartz-wedge  or  the  excellent 
mica-wedge  of  Fedorow.f  The  section  under  examination  must  be  placed  so 
that  its  vibration-directions  make  an  angle  of  45°  with  those  of  the  crossed 
nicols;  the  ^-undulation  mica  or  selenite-plato  is  then  inserted.  The  change 
in  the  interference-colors  is  noted,  and  again  after  the  stage  has  been  revolved 
90'^.  In  the  case  where  the  effect  of  the  comi)en8ating  plate  is  to  raise  the 
interference-color  in  the  scale  tiie  retardation  of  the  section  is  added  to  that  of 
the  plate;  for  tiiis  position  the  plate  and  section  are  then  alike  in  optical 
character.  In  the  case  of  a  fall  of  color  the  plate  diiniuishes  tiio  retardation  due 
lo  the  section;  obviously  for  tliis  position  they  are  opposed  in  optical  character. 
For  tliicker  sections  placed  in  position  as  before  with  vibration-directions  in- 
clined 45°  to  those  of  the  crossed  nicols,  the  quartz-wedge  or  mica-wedge  is 
CTuployed.  This  is  advanced  across  the  field  until  a  thickness  is  reached  >vliich 
serves  to  make  the  given  section,  previously  colored,  dark*,  that  is,  to  bring  it 
sL'Usibly  to  extinction.  The  optical  character  of  the  plate  and  section  are 
now  opposed,  and  in  fact  just  balanced  against  each  other.  By  observing  the 
position  of  the  section  the  relative  value  of  the  refractive  power  is  given. 

A  crystal-section  is  said  to  \mvo  positive  elongation  if  its  direction  of  ex- 
tenf  ion  approximately  coincides  with  the  ether-axis  c ;  if  with  a  the  elongation 
is  negative.  The  same  terms  are  also  used  in  general,  according  to  the  relative 
refractive  power  of  the  two  directions. 

I  385.  Determination  of  the  Refractive  Indices. — The  values  of  the  three 

I  refractive  indices,  or,  (i,  y,  for  biaxial  crystals,  may  be  determined  from  three 
prisms  cut  with  their  refracting  edges  parallel  respectively  to  the  three  axes, 
Q,  b,  and  c,  corresponding  to  the  indices  a,  /?,  y,  respectively.     See  Art.  304. 

It  is  possible,  however,  to  obtain  the  values  of  ir,  ft,  and  y  by  the  use  f)f 
/fro  prisms;  in  this  case  one  of  the  prisms  must  be  so  nuido  that  its  vortical 
edge  is  parallel  to  one  axis,  while  the  line  biseciins^  its  refractinfj  ani^do  at  this 

I  eilge  is  parallel  to  a  second.  In  the  case  of  such  a  j)risni  the  anglo  of  minimum 
deviation  is  obtained  for  boiJi  rays,  that  having  its  vibrations  parallol  to  tlio 
prism-edge,  and  that  vibrating  at  right  angles  to  this,  that  is,  parallol  to  the 
tine  bisecting  the  prismatic  angle. 

Of  the  three  indices  the  mean  index,  ft,  is  one  which  it  is  mopf  import.P>t 

,  to  determine,  since  by  means  of  it,  in  accordance  with  the  formulns  in  Art. 
389,  the  true  value  of  the  axial  angle  can  he  caloulatod  from  its  ap]):iront  value 

*  ♦See  M.  Levy.  BuU.  Soc.  Min..  6,  14J5,  188:$;  also  Levy-Lnrroix.  :Min  UmcIhs^  p.  :.4 
i  etseq  ;  Roseubuscli,  Mikr.  Phys..  p.  163  e(  srq. 

*  f  This  consists  of  strips  of  Jinidulntion  mica,  overlapping  stop-like  and  all  placed  wiih 
I  Uieir  axial  planes  {i,e.,  llie  axis  c)  in  a  cominon  line  ooincidinu:  with  I'm-  diro(tM)ii  rf  (lonirM- 
\  Hon.     Inserted   bet^Feen   crowed   nicols.  tlie  axis  c  niakinir  an  «ni:1c  nf  Ay  wiili   \hr\r 

▼ibration-plaucs.  It  rives  a  series  of /ir^rM  of  intcrfcrence-roldis  whose  position  in  liie  scale 
i      i»  at  once  ob?ioi»  (Art.  320).     See  Fedorow,  Zs.  Kryst.,  25,  849,  18t)5. 
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i!:  uir.  The  jirism  to  give  the  Talue  of  §  should  obvioDsly  hare  its  refracting 
c-i^'c*  parallel  to  the  axis  b,  that  is,  at  right  angles  to  the  plane  of  the  optic 
axe?. 

The  other  methods*  alluded  to  on  pp.  ISO,  161  maj  also  be  applied  here. 
For  the  method  by  total  reflection  the  sections  should  be  cut  normal  to  the 
acute  bisectrix.  This  vill  give  by  actual  obserration  the  Talues  of  a  and  y, 
and  if  tEj  the  apparent  axial  angle  in  air,  is  knovn,  then  p^  the  mean  index, 
ca!i  be  calculated. 

386.  Interference- fignre  for  a  Section  Honnal  to  an  Optic  Axit. — A  section 
cut  perf#ei]dicular  to  either  optic  axis  vill  show,  in  convergiug  polarized  light, 
a  i-vateni  of  concentric  rings  analogous  to  the  concentric  circles  of  uniaxial 
cry&ial.'s,  Y'v^.  5*^G,  but  more  or  less  elliptical  in  shape.  There  is,  moreover,  no 
black  croas,  but  a  single  black  line,  which  revolres  as  the  section  is  turned 
around  on  the  fitage.f 

387.  Interference-figures  for  Sections  Normal  to  a  Bisectrix. — If  a  section  of 
a  biaxiul  crystal,  cut  perpendicularly  to  the  acute  bisectrix,  is  Tiewed  in  the 
conos:co]>e  (p.  181),  two  types  of  characteristic  interference- figures  are  obserTcd, 
according  to  the  position  of  the  optic  axial  plane  relatiTC  to  the  Tibration-plaues 
of  the  crossed  nicols. 

First,  suppose  that  the  plane  of  the  axes  coincides  with  the  Tibration-plane 
of  one  of  the  crossed  nicols;  an  unsymmetrical  black  cross  is  then  observed, 
and  also  a  series  of  elliptical  curves,  surrounding  the  two  centers  and,  finally 
uniting,  forming  a  series  of  lemniscates  If  monochromatic  light  is  employed, 
the  rings  are  alternately  light  and  dark;  in  white  light  each  ring  shows  the 
successive  colors  of  t lie  epectnim.  If  one  of  the  nicoT  prisms  be  revolved,  the 
dark  hyperbulic  brushes  |:r«idnally  become  white,  and  the  colors  of  the  rings 
take  the  complementary  tints  after  a  revolution  of  90°. 

The  smaller  the  axial  angle  the  nearer  together  are  the  oval  centers  and 
tlie  more  the  interference-figure  resembles  the  simple  cross  of  a  uniaxial 
crystal.  On  the  other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are 
far  apart,  and  may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the 

i)olari8cope.  When  this  is  not  the  case  a  micrometer  scale  in  the  polariscope, 
"ig.  514,  p.  182,  allows  of  an  approximate  n.easurement  of  the  axial  angle, 
the  value  of  each  division  of  tlie  scale  being  known. 

A^^•lin,  suppose  tiiat  the  plane  of  the  axes  makes  an  angle  of  45"  wiih  the 
vibnirion-])lanes  of  the  crossed  nicols;  two  black  hyperbolas  are  then  noted, 
markinjc  the  positinn  of  tlie  axes;  further,  there  is  a  system  of  curves  similar 
to  tlioso  described  ])efore. 

Both  of  those  fienres  are  well  exhibited  on  the  plate  forming  the  frontis- 
piece fFiirs.  3^f  aiui  5^).  The  one  gradually  changes  into  the  other  as  the  crys- 
tal-poction  is  revolved  in  the  horizontal  plane,  the  nicols  remaining  stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
exhibits  the  same  figures  under  the  same  conditions  in  polarized  light,  when 
tho  aiifrle  is  not  too  large.  This  is,  however,  generally  the  case,  and  in  conse- 
flUPTioe^tlie  axes  sn^or  total  reflection  (Art.  303)  on  the  inner  surface  of  the 
section  and  no  axial  figures  are  visible.  This  is  sometimes  the  case  also  with 
a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large.    (See,  also. 


*  Hcrki>  lm«  civen  a  simple  method  for  determining  approximntely  the  rvto/iM  rcfrorlive 
povcer  of  two  jwljaoent  minerals  {e.g.,  quartz  and  a  certain  kind  of  plafpoclase)  in  thin  sectiuDS. 
Ber.  Ak.  Wten.  102  (1).  July,  1893.     See  also  Viola.  Min.  petr.  Mitth.,  16,  150,  1896. 

f  On  the  special  phenomena  of  sections  of  hiaxial  crystals  cut  normal  to  nn  optic  axis, 
in  parallel  and  conyergiug  polarized  liglit,  see  Kalkowsky.  Zs.  Eryst.,  9,  4S6,  1884. 


.KACTKUS    DErEKDlSC!   UPON   LIGHT. 

9.)  The  peculiarities  in  the  iuterference-fignres  due  to  the  dispersion 
optic  axes  and  that  due  to  the  dispersiou  of  the  biaectrices,  cr  both 
rtier.  are  alluded  to  later. 
888.  The  explunatiou  of  the  biaxial  interference -figures — moat  simply 
(in  (I  el's  loud  for  the  first  case  mentioned — is  analogous  to  that  for  the  analogous 
phunoinenon  of  the  uniaxial  crystals  (Art,  360).  The  arms  of  the  black  cross 
niai'k  the  directions  in  which  the  light-rays,  which  are  seusiblj  normal  to  the 
■ectioii,  are  extinguished,  since  the  vibratiou-plaues  of  the  nicols  coincide  with 
tboac  of  the  section.  The  dark  ellipses  and  lemniscate  curves  seen  in  mono- 
etiromatlc  light  are  due  to  the  interference  of  the  two  rays  produced  by  the 
double  refraction  of  the  section  and  referred  back  to  a  common  vibratiou-plane 
by  the  polarize)'.  This  rnterferonce  takes  place  when  the  retardation  of  one 
mv  reUttivety  lo  the  other  is  equal  to  half  a  wave-length,  jA,  or  to  f  A,  |A,  etc. 
Tfie  intermediate  light-spaces  correspond  to  a  similar  retardation  of  u  whole 
wave-length.  A,  or  2A,  3A,  etc.  Wljen  ordinary  light  is  employed  there  is 
complete  extinction  only  in  the  direction  of  the  vibration-plaues  of  the  uicols, 
■ticl  the  curves  become  colored  rings  showing  Ibe  prismatic  colors.  The 
number  of  colored  rings  noted  in  the  field  of  view  increases,  and  their  distance 
troDi  Mie  axial  centers  and  from  eacli  other  grows  less  as  the  thickness  of  the 

flate  is  increased,  and  also  as  the  strength  of  the  double  refraction  is  greater, 
f  the  plate  is  very  thick,  only  the  black  cross  may  be  distinctly  visible. 
389.  Keararement  of  the  Axial  Angle. — The'deterniination  of  the  angle 
ma^fe  bv  the  optic  axes  is  ordinarily  acconiplished  by  use  of  the  instrument 
shown  in  Fig.  5-14,     The  section  of   the  crystal,  cnt  at  right  angles  to  the 
sirix,  is  held  in  the  pincers  at  /»,  with  the  plane  of  the  axes  horizontnl,  and 


making  an  angle  of  45°  with  the  vibmti- 
nrosa-wire  in  tne  focus  of  the  eyepioi-c,  im 
are  lurned  hy  the  screw  at  the  top  (liorc  o 


-]i|;ii)L'  f.f  til.'  iih-.-l^.  There  is  a 
as  iIm.'  i^idiHT-  luililiii;;  ihe  section 
litted)  one  of  the  axes,  that  is,  one 
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646. 


black  hyperbola,  is  brought  in  coincidence  with  the  vertical  cross-wire,  and 

then,  bj  a  further  revolution,  the  second. 
The  angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off  at 
the  vernier  on  the  graduated  circle  above,  is 
the  apparent  angle  for  the  axes  of  the  given 
crystal  as  seen  in  the  air  (aca  =  2E,  Fig. 
545).  It  is  only  the  apparent  angle,  for,  on 
passing  from  the  section  of  the  crystal  to 
"^  the  air,  the  true  axial  angle  is  more  or  less 
increased,  according  to  the  refractive  power 
of  the  given  crystal.  The  relation  between 
the  real  interior  angle  and  the  measured 
angle  is  given  below. 

If  the  axial  angle  is  so  large  that  the 
axes  suffer  total  reflection,  oil  *  or  some  other 
liquid  with  higher  refractive  power  is  made  use  of,  into  which  the  axes  pass 
when  no  longer  visible  in  the  air.  In  the  instrument  described  a  small  recep- 
tacle holding  the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the 
pincers  holding  the  section  are  immersed  in  this  and  the  angle  measured  as 
before. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practicable 
to  measure;  but  sometimes,  especially  when  oil  (or  other  liquid)  is  made  use 
of,  the  obtuse  an^le  can  also  be  determined  from  a  second  section  normal  to 
the  obtuse  bisectrix. 

If  E  =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  545), 
JL=   "         "  "  "        "      in  oil. 


ff.= 


« 


ft 


semi-obtuse  angle  in  oil. 


V^  =  the  real  (or  interior)  semi-acute  angle, 

V^  =   "      "      "        "        semi-obtuse  angle, 
n  =  refractive  index  for  the  oil  or  other  medium, 
/?  =  the  mean  refractive  index  for  the  given  crystallized  substance, 
the  following  simple  relations  connect  the  various  quantities  mentioned: 

sin  E  =  n  sin  Ha\    sin  Va  =  a  sin  //„;     sin  V^  =  -^  sin  H^ 


I   give  the  true   interior  angle  (21')  from  the   measured 
lir  (2^')  or  in  oil  (2//)  when  the  mean  refractive  index  {fl) 


These  formulas 
apparent  angle  in  air 
is  known. 

Instead  of  the  oil,  carbon  disulphide  with  a  refractive  index  of  1*6442  for 
Xa{ny)  may  be  employed  ;  or  the  solution  of  mercuric  iodide  in  potassium 
iodide,  whose  refractive  index  (Xa)  is  1*7176.  The  axial  angle  measured  in  the 
latter  is  usually  represented  by  2Jr.  Methyl  iodide  may  also  be  used,  since  its 
refractive  index  is  also  high;  "for  it  w„  =  1*7466.  The  axial  angle  in  this  case 
is  called  2  J/. 


*  Almond-oil  which  has   been  decolorized  by  exposure  to  the   light  ia   oommonly 
employed ;  its  refractive  index  is  about  1*46. 
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axif.  MoreoTer»  the  angle  ineHsured  is  the  apparent  angle  for  the  ^liiss  of  which  the  Icuses 
are  made,  80  that  the  nxes  are  visible  iu  ctises  where  this  would  uot  be  the  ciise,  because  of 
total  reflectioD,  either  iu  air  or  in  oil. 

S90.  Aadal  Angle  Xeaanred  with  the  Xioroteope.— The  microscope,  with  eyepiece  removed 
and  condensing  lens  (or  lenses)  added  above  the  lower  uicol,  often  serves  to  show  (with  suit- 
able high-power  objective)  the  axial  iuterfereucefigtires  iu  very  ihin  sections  with  ouly  the 
limitatfona  belonging  to  the  instrumeut  (see  p.  199).  Bertraud*  has  shown  that  by  the 
addition  of  a  simple  piece  of  apparatus  the  axial  angle  can  be  measured  with  fair  accuracy. 
Further,  a  very  convenient  apparatus  for  this  object  has  been  devised  by  Klein.  Again, 
by  the  careful  measurement  of  the  linear  distance  between  the  two  hyperbolas  the  axial 
angle  can  be  calculated  as  shown  by  Mallard. f 

391.  Determination  of  the  Positive  or  Negative  Character  of  Biaxial  Crystals. 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  ^hero  these  can  be 
obtained.  If  c,  the  ether-axis  corresponding  to  the  index  y,  is  the  acute 
bisectrix,  the  crystal  is  ojptioally  positive;  if  a,  the  ether-axis  corresponding  to 
IT,  is  the  acute  bisectrix,  the  crystal  is  optically  negative;  as  explained  in  Art. 
376  and  illustrated  by  Figs.  541,  542,  this  relation  follows  from  the  values  of 
the  refractive  indices. 

There  are,  however,  more  simple  methods  of  determining  the  character  by 
experiment.  The  quarter-undulation  mica  plate  may  be  employed  just  as  with 
uniaxial  crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial 
divergence  is  quite  small.  In  this  case  it  can  be  used  to  advantage,  the  plane 
of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with  the  vibra- 
tion-plane of  one  of  the  nicols.  With  the  microscope  the  selenite  plate  may  be 
employed  after  a  manner  similar  to  that  explained  in  Art.  364. 

39».  The  more  general  method  is  the  employment  of  a  thin,  wedge-shaped 
piece  of  quartz;  this  is  so  cut  that  one  surface  coincides  with  the  direction  of 
the  vertical  axis,  and  the  other  makes  an  angle  of  4°  to  6°  with  it.  By  this 
means  a  wedge  of  varying  thickness  is  obtained.  The  section  to  be  examined, 
cut  normal  to  the  acute  bisectrix,  is  brought  between  the  crossed  nicols  of  the 
polariscope  (Fig.  513),  and  with  its  axial  plane  making  an  angle  of  45""  with 
the  polarization-plane  of  the  nicol  prisms;  that  is,  so  that  the  black  hyperbolas 
are  visible.  The  quartz-wedge  is  now  introduced  slowly  between  the  section 
examined  and  the  analyzer,  Jirst,  in  a  direction  at  right  angles  to  the  axial 
plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the  plate  investigated ;  and 
second,  parallel  to  the  axial  plane,  that  is,  in  the  direction  of  the  line  joining 
f  the  hyperbolas.  In  one  direction  or  the  other  it  will  be  seen,  when  the  proper 
thickness  of  the  quartz-wedge  is  reached,  that  the  central  rings  appear  to 
increase  in  diameter,  at  the  same  time  advancing  from  the  center  to  the 
extremities. 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by  the 
thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the  first  case 
when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is,  to  the  obtuse 
bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite  sign  to  the  quartz, 
that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute  bisectrix  positive.  If 
the  mentioned  change  in  the  interference-figures  takes  place  when  the  axis  of 
the  quartz  is  at  right  angles  to  the  axial  plane,  then  obviously  the  opposite 
must  be  true  and  the  ncute  bisectrix  is  negative.    This  method  of  investigation 

♦Berlmnd,  BuH.  Soc.  Min.,  3.  97.  1880;  sec.  nlso,  Nachet,  ibid.,  10,  186.  1887;  Klein, 
Ber.  Ak.  Berlin,  91.  1895     Also  references  in  p.  199. 

f  Mallard.  Bull.  Soc.  Mhi.,  6,  77,  1882;  ihis  lust  method  is  explained  by  Roseubusch, 
Mikr.  Phys..  104. 1899. 
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can  be  applied  eveu  in  cases  where  the  axUl  angle  is  too  large  to  appear  in 

the  air. 

Tlie  same  effects  may  te  obtained  by  bringing  an  ordinary  quartz  aection 
of  greater  oi'  less  tbickuesa,  cut  iioruiiil  lo  tlie  axis,  between  the  linalyzer  and 
the  crystal  exatniued,  and  tlien  iiicliiiiug  it,  first  iu  the  direction  of  the  axial 
plane,  and  uguiii  at  right  angles  to  it. 

The  method  of  detennining  tlie  optical  character  in  thin  sections  in  parallel 
poiarized  light  is  mentioned  in  Art.  384. 

393.  Absorption  Phenomena  of  Biaxial  Crfstols.  Fleoohroiam. — Biaxial 
cryt»tals,  corresponding  to  tlie  fucC  that  tlicy  have  three  principal  refractive 
inilices  (<r,  fi,  y)  may  8l)ow  different  degrees  or  kinds  of  absorption  in  diffei'cut 
<1ire(iticnB.  nsnally  assnmod  as  those  of  the  ether-axes,  viz.,  a,  b,  c.  The  di'gree 
of  absorption  is  designated  a8a>lJ>corQ>b  =  c,  etc.  Fnrther,  according 
to  the  kind  of  selective  absorptiini,  the  cr3-scal  miiy  be  dichroic  or  trichroic,  or 
better,  in  general,  plencfiroic ;*  in  this  case  the  colors  corresponding  to  ihe 
vibrations  parallel  to  the  uthcr-axcs  are  usually  given.  It  has  been  shown, 
however,  that  the  axes  of  absorption  do  not  in  all  coses  coincide  with  the 
ether-axes. 

In  order  to   investigate   the  absorptive   pro])erties  of  a  biaxial   crystal, 
aeotions  mtist  be  obtained  which  are  parallel   to  the  several  ether-axes,  cf. 
646.  Pig-  546.    In  an  orthorliombic  crystal  the  faces  arc  those  of 

1  the  three  pin.icoidg;  in  »  tnonocnnic  crystal  one  side  coin- 
cides with  the  clinopinucoid,  the  others  are  to  be  determined 
for  each  siiecica,  'ihe  light  transmitted  by  this  solid,  or  by 
the  corresponding  sections,  is  examined  by  means  of  n  single 
nicol  prism.  Suppose,  first,  that  the  light  transmitted  (Fig. 
540)  in  the  direction  of  the  vertical  axis  ia  to  be  examined. 
J  When  the  shorter  diagonal  of  the  nicol  coincides  with  the 
direction  of  the  axis  l<,  the  color  observed  belongs  to  that  ray 
with  vibrations  puralicl  to  this  direction;  when  it  coincides 
with  tlic  axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  U  observed. 
In  the  8:»ino  way  the  nicol  sepai-atcs  (lie  different  colored  rays  vibrating  parallel 
to  c  and  a  respectively,  when  the  ligiit  passes  tlirongh  in  the  direction  of  b. 

.So  aluo  finiilly  when  the  section  is  looked  througli  in  the  direction  of  the 
axis  a,  the  colors  for  the  rays  vibniling  ))arallel  to  b  and  c.  respectivelv,  are 
ohiiiiiied.  It  is  evident  that  the  examination  in  two  of  the  direotions  named 
will  jiive  the  three  possible  colors.  All  nf  these  observations  are  readily  made 
wiih  the  n]icrosco]H!  provided  with  one  nicol. 

For  .■[.iili.K!.  iiitNiniing  In  Kl'^iii.  tin;  col.irs  for  llu>  Hired  axiiil  itirectloDS  ue  > 
J    *  Vilw:ili.jiis  paiiillcl  1>.  t.  bimvn  (iibsorbwi). 


3. 


in  Hliic 


I  Vibnitfon^  piinlltl  to  e  ?rrpi.. 

>  ■■  '■        •■  ft.  vcll"w. 

iViliraiiiiiisi'iinillH  in  t  I'n>i-i.. 

(  "  "         "  t.  brown  ral)Rorl>«ll. 

iy  llur  '-y,!  nUnii:  lire  llic  re^u'tiints  nT  the  ilonMe  set  nf  vlbmllnns. 
Inr  prnliimiri.it.'s  ;  tliiis.  in  iliu  nlmvi-  PXHin|ih!.  the  plRmj  oornial  to 
-li  .irriL-ii,  111  a  L'rccii.  In  miy  nilicr  ilii'L-rtion  jii  the  rrvftnl  the 
nil  .if  11  mixliiii!  'it  Ibfiee  ciiniaipimilliii;  !■>  the  llirce  dlrcotiiins  of 


When  a  section  (normal  to  an  optic  axi:!)  of  a  crvatal  characterized  by  a 
high  degree  of  color-itbaorption  ia  examined  by  the  'eye  alone  (or  with  the 
•  Early  obwrvntlona  wei«  niuilu  by  Uaidhiger,  ste  Illcralure  below. 
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microscope)  in  strongly  converging  light,  it  often  shows  the  so-called  epopiic 
figures,^  or  polarization-brushes^  somewhat  resembling  the  ordinary  axial 
mterference-tigures.  This  is  trne  of  andalueite,  epidote,  iolitc,  also  tourmaline, 
etc.  A  cleavage  section  of  epidote  ^c  (001)  held  close  to  the  eye  and  looked 
through  to  a  bright  sky  shows  the  polarization- brushes,  here  brown  on  a  green 
ground. 

It  is  also  to  be  noted  that  certain  strongly  absorbing  crystals  {e.g.,  biotite) 
often  show  spots  where  the  color  is  particularly  deep;  such  areas  are  some- 
times ciilled  pleochroic  halos. 
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Special  Optical  Cliaracters  of  Orthorhombic  Crystals, 

894.  Poiition  of  the  Ether-axes. — In  the  ortuoruombic  system^  in  accord- 
ance with  the  symmetry  of  tlie  crystal liziition,  tlie  three  axes  of  the  indicatrix^ 
tliat  is,  the  ether-axes  a.  b,  c,  coincide  with  tlio  three  crystallographic  axes,  and 
the  tiiree  unlike  crystallo^apliic  ])lanes  of  symmetry  corres|)ond  to  the  planes 
of  symmetry  of  the  ellipsoid.  Further  than  this,  there  is  no  immediate  relation 
between  the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as 
has  been  stated,  the  choice  of  the  crystallographic  axes  is  arhitrary  so  far  as 
relative  length  and  position  are  concerned,  and  hence  made,  in  most  cases, 
without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  (ft,  b,  or  r) 
appear  dark  between  crossed  nicols,  when  the  axial  directions  coincide  with 
the  vibration-planes  of  the  nicols.  In  intermediate  positions  a  section  wilt 
appear  li^ht  (or  colored  if  of  the  proper  tliickness).  Hence  such  a  section 
when  revolved  on  the  microscope  will  appear  dark  four  times. 

The  same  will  be  true  of  a  section  cut  in  the  prismatic  zone  (||  /,  the 
vertical  axis)  or  in  the  plane  parallel  either  to  the  axis  }  or  a. 

395.  Detennination  of  the  Plane  of  the  Optic  Axes.— The  ])]ane  of  the  opfir 
ares,  that  is,  of  the  axes  a  and  c,  corresponding  to  the  indices  tr  and  r,  must 
]>e  parallel  to  one  of  the  three  pinacoids.  In  order  to  determine  in  wliicli 
plane  the  axed  lie,  it  is  necessary  to  examine  sections  pnralU*!  to  iIu*so 
directions.  One  of  these  will  in  all  ordiiuiry  cases  show,  in  (ronveririnj^ 
polarized  light,  the  interference- figure  peculiar  to  biaxial  crvsials.  It  i-j 
evident  also  that  two  of  the  sections  named  determine  the  (.•ijaractcr  of  the 
thinl,  so  that  the  plane  of  the  optic  axes  and  the  position  of  the  atute  l)-sr(  irix 
can  he  in  practice  generally  told  from  the!n. 

The  position  of  the  optic  axial  plane  is  briefly  indicated  accord inir  to  the 
pinacoid  to  which  it  is  parallel:  as,  ax.  plane  || /'^  (U)0),  etc.     Further    th' 


*  Thew  flgmes  ar«  odlod  hovppes  by  tliu  Fronch  hikI  PolaruaUouBhtuehel  hy  the  (Ger- 
man mineraloglits.    Snch  crystals  are  said  to  be  idwphamuM. 
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position  of  the  acute  bisectrix  is  described  according  to  the  pinacoid  to  which 
it  is  normal,  as  Bx^  J.  6*,  etc. 

396.  Dispersion  of  the  Axes.— From  the  section  showing  tlie  axial  figures, 
that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be  meaeured  in  the 
manner  which  has  been  described  (Art.  389).  If  it  is  practicable  to  determine 
also  the  obtuse  axial  ande  from  a  second  section  normal  to  the  obtuse  bisec- 
trix, the  true  axial  angle  (2  V)  and  also  the  mean  refractive  index  (fi)  can 
then  l>e  calculated. 

There  is  further  to  be  determined  the  dispersion  of  the  axes  (see  Art.  378). 
Whether  the  axial  angle  for  red  rays  is  greater  or  less  than  for  blue  (p  >  r, 
or  p  <  r)  can  be  often  seen  immediately  from  the  axial  interference- figure  in 
the  colored  plate  (f rontispiecej ;  it  is  obviously  true,  from  Fig.  3^,  as  also 
Fig.  3^,  that  the  angle  for  tlie  blue  rays  is  greater  than  that  for  the  red 

(p  <  v)y  and  so  in  general.  This  same  point 
is  also  accurately  determined,  of  course,  by 
the  measured  angle  for  the  two  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  optic  axes  is  symmetrical  with 
reference  to  each  bisectrix.  In  Fig.  547,  the 
dispersion  of  the  axes  is  illustrated,  where 
p  <  v;  it  is  shown  also  that  the  lines  B^B^ 
and  ITB^  bisect  the  angles  of  both  red 
(pOp')  and  blue  (vOv')  rays.  It  also  needs 
no  further  explanation  that  for  a  certain 
relation  of  the  refractive  indices  of  the 
different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse 
bisectrix  for  the  angle  for  blue  rays.  This  is  true,  for  example^  in  the  case  of 
the  species  danburite,  as  already  noted  (p.  209). 

397.  Eefraotive  Indices,  etc. — The  determination  of  the  refractive  indices 
and  the  character  (+  or  — )  of  the  acute  bisectrix  is  made  for  orthorhombic 
crystals  in  the  same  way  as  for  all  biaxial  crystals.  It  is  merely  to  be 
mentioned  that,  since  the  ether-axes  always  coincide  with  the  crystallographic 
axes,  it  sometimes  happens  that  crystals,  without  artificial  preparation,  furnish, 
in  their  prismatic  or  dome  series,  ])risms  whose  edges  are  parallel  to  these 
axes,  and  consequently  at  once  suitable  for  the  determination  of  the  indices  of 
refraction.  This  is  often  true,  for  example,  with  topaz.  It  must  be  noted, 
however,  that  if  the  refractive  angle  is  too  large,  the  refracted  ray  will  not 
emerge  (see  Art.  303),  the  limit  being  when  the  angle  of  the  prism  is  equal  to 
twice  the  critical  angle. 

Special  Optical  Characters  of  MonocUnic  Crystals. 

398.  Position  of  the  Ether-axes  and  Optic  Axial  Plane. — In  crystals 
bolonjriug  to  the  moxoclixic  system  one  of  the  ether-axes  always  coincides 
witli  the  orthodiagonal  axis  ft.  and  the  other  two  lie  in  the  plane  of  symmetry 
at  rijrht  angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  ]>o8itions  of  the  ether -axes,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  c/i>/>er«ion  of  ike  bisectrices 
«(Art  877).    This  dispersion  arises  from  the  fact  that,  while  the  pontion  of 
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one  axis  is  fixed,  the  position  of  tlie  other  two  may  be  different  for  the  different 
colors  (vave-lengths),  so  that  the  bisectrices  of  the  different  colors  may  not 
coincide. 

399.  Stanrotoope. — The  position  of  the  two  axes  in  the  plane  ot  gymmetrj 
may  be  determined  by  use  oi  the  microscope  as  described  in  Art.  380.  A  more 
acoarate  method,  applicable  in  certain  cases,  involves  the  principle  of  the 
Btanroscope,  an  instrnment  first  devised  by  von  Kobell  (1855*),  and  since  then 
much  improved.  In  its  present  form  it  is  simply  the  orthoscope  of  Fig.  515 
with  a  composition  plate  of  caloite  inserted  at  m  in  the  upper  tube.  This 
gives  a  pecnliar  interference-figure  the  form  of  which  is  altered  if  a  doubly 
refracting  section  is  placed  on  the  stage  below,  unless  its  vibration-planes 
coincide  with  those  of  the  crossed  nicols.  The  adjustment  which  restores  the 
normal  fignre  can  be  made  with  great  precision.  To  accomplish  this,  it  is 
eMential  that  the  direction  of  the  known  edge  of  the  crystal  should  be 
exactly  parallel  to  the  vibration-direction  of  one  of  the  nicols.  This  condition, 
in    the  case   of  small  crystals  especially,  is  hard  g^g, 

to  fulfill,  and  to  accomplish  it  most  satisfactorily 
the  bolder  shown  in  Fig.  548  is  made  use  of. 
A  plate  of  glass,  v,  held  in  its  present  position 
bj  a  spring,  has  one  edge  polished,  that  which 
•djoins  u,  and  the  direction  of  this  is  made  to 
coincide  exactly  with  the  line  joining  the  opposite 
xero  points  of  tne  graduation.  The  crystal  section 
is  attached  to  this  plate  over  the  hole  seen  in  v, 
and  with  a  plane  of  known  cryatallographio 
position,  either  a,  c  or  a  face  in  that  zone  (or  a 
corresponding  edge),  coinciding  with  the  direction 
of  the  polished  edge  of  the  plate.  Whether  this 
coincidence  is  exact  can  be  tested  by  the  reflecting  goniometer. 

After  the  adjustment  of  the  section  on  the  plate  v,  the  latter  is  inserted  in 
its  place,  the  whole  plate  placed  in  position  (Fig.  515),  and  the  nicols  so 
adjusted  that  the  vibration  plane  of  one  coincides  with  the  line  0°  to  180°. 
The  angle  of  revolation  of  the  circular  plate,  /,  is  obtained  from  the  gradu- 
ated  scue  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  nicols  alluded  to,  but 
the  error  arising  when  the  vibration -plane  of  the  nicol  does  not  coincide  with 
the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  removing  the 
plate  V,  and,  without  disturbing  the  crystal  section,  restoring  it  to  its  place  in 
an  inverted  position.  The  measured  angle,  if  before  too  great,  will  now  be  as 
much  too  small,  and  the  arithmetical  mean  of  the  two  measurements  will  be 
the  true  angle.     (Cf.  Qroth,  1.  c.) 

400.  Fodtioa  of  the  Plane  of  the  Optic  Axes. — The  investigation  of  a  section 
of  a  monoolinio  crystal  parallel  to  the  plane  of  symmetry  determines  the 
position  of  the  two  ether-axes  lying  in  this  plane,  but  it  does  not  fix  the 
relative  position  of  the  axes  a  and  c,  that  is,  the  plane  of  the  optio  aieg. 
To  solve  the  latter  point,  sections  normal  to  each  of  the  three  axes  must  be 
examined  in  converging  polarized  light,  and  one  of  them  will  show  the 
characteristic  interference- figure.  The  section  parallel  to  thd  plane  of 
symmetry  is  first  to  be  examiued,  and  if  it  does  not  sbow  the  axes  even 
Id  oil,  one  or  both  of  the  other  sections  spoken  of  must  be  employed. 

,   138,  448.   186«i    130,   141,   18«&; 
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The  position  of  the  optic  axial  plane  is  described  as  \  b  or  J_b  according 
as  it  is  parallel  or  normal  to  theplaueof  sjmmetr;,  tliat  is,  to  the  face  £(010). 
Ill  the  former  case,  the  position  of  the  bisectrices  may  lie  defined  according  to 
the  auj^le  which  the  acute  bisectrix  {Br,)  makes  either  with  the  normal  to  the 
face  n  (100)  or  that  of  c  (001)  or  with  the  vertical  axis  t'.  The  last  method  is 
uartlciilarly  convenient  since  the  direction  of  the  vertical  crjstallographic  axis, 
c,  is  that  marked  by  the  prismatic  zone  (eg.,  in  a  section  by  cleavage  lines), 
and  Btdl  more  since  the  extremity  cf  d  is  the  middle  point  of  the  spliere  of 
pi-ojection  (Fig.  550)  and  the  angle  is  either  4-  (in  front,  towai-d  100)  or  — 
(behind,  toward  100). 

Fur  nxtimple,  j^-|>suTn  in  opticnily  pnsi live,  hence  tlie  nxU,  (,  U  Ibe  acute  bisoclrix.  Bxa- 
Kiinler  (Pigs.  549.  550j.  the  positimi  of  £e„  U  di-fiimt  bv  lliu  angle  .Ar.  a  ^  =  +  Sai'. 
But  ninct!  tfie  axiiil  acieli:  /S.  ur  ac  (001  A  100),  =  80°  43  ,'it  is  nlso  true  Ibai  tlie  normal 


anglos  between  t  or  o  nnrt  tlie  planes  e,  a  are  as  follows;  «  =  +  43*  13'.  at  =  +  «J'  W, 
g„ff  ea  =  ~  46°  48*-     Tbe  poailiuiis  of  tlie  bisMH-tricea  ure  ehowu  in  tbt)  Mctiou  parallel  tu 

b  (OlOj  of  Fig.  Mfl,  and  also  iu  ibf  a|ibere  of  (irojintiou.  Fig.  550. 

fiKi.  401.  Dispersion  of  the  BiseetriM*. — 1.  Isclixed 

DisrKKSios'.— In  this  first  case  the  plane  of  the 
optic  axes  is  parallel  to  the  face  b  (010);  iu  other 
words,  the  two  bisectrices  (the  axea  a  and  c)  lie  in  the 
plane  of  synimetiv,  and  tlio  mean  axis  b  coincides  with 
the  o rth oil  i agonal  axis.  The  optic  axes  may  here  suffer 
a  dispersion  in  this  plane  of  symmetry,  and,  as  already 
stated,  tliey  then  do  not  lie  symmetrically  with  reference 
to  the  acute  bisectrix.  This  is  iilnstrnted  in  Fig.  S.il. 
where  .V.I/  is  tlie  bisectrix  for  the  angle  vOp',  and  RB 
for  tlie  angle  f}Oij'.  This  kind  of  dispersion  was  called 
by  Pes  Chiizoaux  iiieliiigd  (disiwrsion  inolin^e).     The 

g)sitioii  of  the  two  axial  planes  is  further  illnstnited  by 
ig.  55?  (from  Schranf),  and  corresponding  to  this  the 
axial  interference-figure,  when  the  dispersion  ia  con- 
siderable, shows  a  distribution  of  colors   illustrated  by  Figs.  4o  and  4i  of 
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the  plate  (frontispiece),  which  should  be  compared  with  the  normal  figures 
(Figs.  3a  and  Zb),  where  there  is  no  dispersion  of  the  bisectrices. 


662. 


653. 


664. 


1.  lucllned. 
Ax.  pi.  1  b  (010), 


2.  HorizoDtal.  3.  Crossed. 

Ax.  pi.  J_  ^;  Bxo  X b.       Ax.  pi.  X  Z>;  Bx^  i.  b. 


> 
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2,  Horizontal  Dispersion.  In  the  second  case  the  acute  bisectrix 
and  b  lie  in  the  plane  of  symmetry^  and  the  optic  axial  plane  is  hence 
normal  to  it.  In  other  words,  the  plane  of  the  optic  axes  for  all  the  colors 
lies  parallel  to  the  orthodiagonal  axis,  but  these  planes  may  have  different 
inclinations  to  the  vertical  axis.  This  was  called  horizontal  dispersion  by 
Des  Cloizeaux. 

The  relative  positions  of  the  axial  planes  is  illustrated  by  Fig.  553,  and 
the  resulting  interference-figure  is  shown  in  Fig.  5  of  the  plate. 

3.  Crossed  Dispebsion.  In  the  third  case  the  obtuse  bisectrix  and  b  lie 
in  the  plane  of  symmetry,  that  is,  the  plane  of  the  optic  axes  is  normal  to 

this  plane  and  the  acute  bisectrix  coincides  with  the  orthodiagonal  axis  L 
This  was  called  Classed  dispersion  by  Des  Cloizeaux  (dispersion  tournante 
or  crois^e).  The  relative  positions  of  the  axial  planes  is  illustrated  by 
Fig.  554  and  the  corresponding  interference-figure  is  shown  in  Fig.  6  of 
the  plate. 

402.  Axial  Angle,  Dispersion,  etc.— The  method  of  measuring  the  axial 
angle  has  been  already  explained,  and  if  this  is  determined  for  the  different 
colors  it  will  determine  the  dispersion  of  the  axes  /o<y. 

The  dispersion  of  the  bisectrices  has  been  shown  to  be  in  general 
indicated  by  the  character  of  interference-figures;  its  amount,  where  con- 
siderable, may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  refractive  indices,  the  +  or 
—  character  of  the  crystal,  etc.,  need  no  further  explanation  beyond  that 
which  has  been  already  given. 

Special  Optical  Characters  of  Triclinic  Crystals. 

403.  The  crystals  of  the  triclinic  system  are  characterized  by  the  absence 
of  a  plane  of  crystallographic  symmetry,  the  position  and  inclination  of  the 
axes  being  thus  arbitrary.  It  follows  from  this  that  there  is  no  neoossary 
connection  between  themancl  the  rectangular  ether-axes.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  in  Art.  401  may  occur  in  a  single 
crvstal,  and  the  interference-figures  will  indicate  the  existence  of  botli. 

'  The  practical  investigation  of  triclinic  crystals  optically  involves  consider- 
able difficulty;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  of  the  axes.  When  these  are  found,  the  axial  sections  can  be 
prepared  and  the  axial  angle  determined,  and  the  other  points  settled  as  with 
other  biaxial  orystals.     Cf.  Pig.  341,  p.  109,  of  chalcanthite,  where  ^S*  repre- 
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fients  approximately  the  position  of  Bx^y  or  in  other  words  is  the  pole  or  normal 
to  the  plane  at  right  angles  to  the  acute  bisectrix.  On  the  general  relation 
between  the  extinction-directions,  ether-axes  and  optic  axes,  see  the  authors 
referred  to  on  p.  212. 


404.  Effect  of  Heat  upon  Optical  Characters. — The  general  effects  of  heat 
upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  convenient, 
however,  to  consider  here,  briefly,  the  changes  produced  by  this  means  in  the 
special  optical  characters.  It  is  assumed  that  no  alteration  of  the  chemical 
composition  takes  place  and  no  abnormal  change  in  molecular  structure.  The 
essential  facts  are  as  follows: 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatures.  Crystals,  how- 
ever, which  like  sodium  chlorate  (NaClO,  of  Group  5,  j).  61)  show  circular 
polarization,  may  have  their  rotatory  power  altered ;  in  this  substance  it  is  in- 
creased by  rise  of  temperature. 

(2)  Uniaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  a  variation  in  the  relative  values  of  oa  and  e,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
calcite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  out 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystals,  the  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  axial  angle  of  biaxial  crystals  may  be  measured  at  any  required  temperature  by  the 
use  of  a  metal  air-bath.  This  is  placed  nt  P(Fig.  544),  and  exteuds  beyond  the  iustniment 
on  either  side,  so  ns  to  allow  of  its  being  heated  with  gas-burners ;  a  tliermometer  inserted 
in  the  bath  makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath  has 
two  openings,  closed  with  ^lass  plates,  corresponding  to  the  two  tubes  carrying  the  lenses, 
and  the  crystal-section,  held  as  usual  in  the  pincers,  is  seen  through  these  glass  windows. 
Suitable  acceasoi-ies  to  the  refractometer  also  allow  of  the  measurement  or  the  refractive 
indices  nt  different  temperatures. 

In  the  case  of  orthorhotnbic  crystals,  the  position  of  the  three  rectangular 
ether-axes  cannot  alter,  since  they  must  always  coincide  with  the  crystallo- 
ffraphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,  and 
hence  with  them  also  the  optic  axial  angle;  indeed  a  change  of  axial  plane  or 
of  the  optical  character  is  thus  possible. 

For  example,  Des  Cloizeaux  gives  the  following  values  for  barite :  2ESr  =  68"  5'  at  12* 
C,  69*  4^  nt  95-5%  74'  42*  at  195-8'.  Further,  Arznini  obtained  the  following  measumenU 
of  the  refractive  indices  of  the  same  species  for  the  D  line  : 

2F 

87*  28* 

88^48' 

40*  15' 

04*)  44'  IB* 

With  inonorUnic  crystals,  one  ether-axis  must  coincide  at  all  temperatures 
with  the  axis  of  symmetry,  but  the  position  of  the  other  two  in  the  plane  of 
symmetry  may  alter,  and  this  with  the  possible  change  in  the  value  of  the 
refractive  indices  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  as  in  the  axial  angle. 

With  tricUnic  crystals,  both  the  positions  of  the  ether-axes  and  the  values 
of  the  refractive  indices  may  change.  The  observed  optical  charaotera  may 
therefore  vary  widely. 
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2E 

At    20** 

1-63609 

1-68712 

1-64795 

W    V 

•*     50* 

1  -63575 

1  -63678 

1-64726 

••    100' 

1-63513 

1-63612 

1-64643 

68'5r 

"   200' 

1-63344 

1-63474 

1-64426 

77"  16' 
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A  BtrikiDg  example  of  the  chauge  of  optical  characters  with  change  of  temperature  is 
furutshed  by  gypsum,  as  iuvestigated  by  Des  Cloizeaux.  At  ordinary  temperatures,  the 
dlspendou  is  iuciiDed,  the  axinl  plane  is  \b  and  2Er  =  95**.  As  the  tenipemiure  rises  this 
ingle  dimiuishes ;  thus  at  47%  2Br  =  76^  at  95%  2Er  =  89";  ami  at  116%  *^AV  =  0.  At  this 
list  temperature  the  axes  for  blue  rays  have  already  separated  in  a  plane  x  6 ;  at  120"  the 
ixes  for  red  rays  also  separate  in  this  p!ane  (i.  6)  and  the  dispersion  becomes  liorisontaL 
The  motion  toward  the  center  of  one  red  axis  is  more  rapid  than  that  of  the  other,  namely 
betwceu  20**  and  95%  88"  55'  and  22"  88',  respectively ;  thus  Bxr  moves  5"  88'. 

Another  interesting  case  is  that  of  glauberite.  Its  optical  characters  under  normal  con- 
ditions are  described  as  follows  :  Optically  — .•  Ax.  pi.  ±  b,  Bxar.  A  ^  =  —  81"  8*,  BiCa-j 
=s  —  80"  46%  Bxa.bi  A  i  =  -  80"  10'.  The  optical  character  (-)  and  the  position  of  the  axe* 
»f  elasticity  Vemaiu  sensibly  constant  between  0"  and  100".  The  ax.  pi.,  however,  at  first 
1  b  with  horizontal  dispersion  and  «  <  p  becomes  on  rise  of  temperature  [b  with  inclined 
lispersioD  and  «  >  p.  The  axial  angle  accordingly  diminishes  to  0"  at  a  temperature 
lepeading  upon  the  wave-length  and  then  increases  in  the  new  plane.  In  white  light| 
dierefore,  the  interference-figures  are  abnormal  and  cliange  with  rise  in  temperature.  Axial 
ingles,  Laspeyres : 

red  (Li)  yellow  (Na)       green  (Tl)  blue 

At    6*    2E  =  16'    6'  14"    8'  11"  42*  8"  51' 


22' 

"  =  18'  80^ 

11"   8' 

8"  14* 

0'  (at  18") 

86' 

••  =  IV    V 

8"    V 

0" 

8"  42' 

46' 

•'  =    8-40' 

0* 

7"    8' 

11"    8' 

58' 

••  =    0* 

7"  14' 

10"  82' 

18"    2' 

86* 

"  =  10"  4r 

18"  14' 

15"  l.V 

17'   r 

Des  Cloizeaux  found  that  the  feldspars,  when  heated  up  to  a  certain  point,  suffer  a 
diange  iu  the  position  of  the  axes,  and  if  the  heat  becomes  grcattr  and  is  long  continued 
Ibey  do  not  return  again  to  their  original  position,  but  remain  altered. 

In  addition  to  the  typical  cases  referred  to,  it  is  to  be  noted  that  when  eleva- 
tion of  temperature  is  connected  with  change  of  chemical  composition  wide 
changes  in  optical  characters  are  possible.  Tina  is  illustrated  by  the  zeolites  and 
related  species,  where  the  effect  of  loss  of  water  has  been  particularly  investi- 
gabbed. 

Farther,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molecular 
stmctare  and  with  that  a  total  change  of  optical  characters.  For  example,  the 
ffreenish-yellow  (artificial)  orthorhombic  crystals  of  antimony  iodide  (Sbl,)  on 
heating  (to  about  114°)  change  to  red  uniaxial  hexagonal  crystals.  Note  also 
the  remarks  made  later  in  regard  to  the  effect  of  heat  upon  leucite  and  boracit* 

(Art.  411). 

406.  SomePeenliaritiasixiAziallnterferenee-fignrM.* — In  thocise  of  uniaxial  crystals,  th« 
characteristic  interference-figure  varies  but  little  from  one  specifis  to  another,  such  varia* 
tkm  as  is  observed  being  usually  due  to  the  thickness  of  the  section  and  the  birefringence. 
In  some  caseii,  however,  peculiarities  are  noted.  For  example,  the  iatcrfcrence-figurc 
of  apophyllite  is  somewhat  peculiar,  since  its  bicefringence  is  very  weak,  and  it  may  bfl 
optically  positive  for  one  part  of  the  spectrum  and  negative  for  the  other. 

In  the  case  of  biaxial  crystals,  peculiarities  are  more  common.  The  following  are  some 
typical  examples : 

Bn>okite  is  optically  +  and  the  acute:  bisectrix  is  always  normal  to  n  (lOvO).  While,  how* 
ever,  the  axial  plane  is  Xe  for  red  and  yellow,  with  2Er  =  55%  2Ey  =  80%  it  is  coriimonly 
|5  for  green  ana  blue,  with  %E^  =  34*.  Hence  a  section  \a  i.i  the  couoscope  shows  r  figure 
•oin(*what  resembling  that  of  a  uniaxial  crystal  but  with  four  sets  of  hyperl)olic  Imnds. 

Titinite  al^o  nives  a  peculiar  interference-figure  with  colored  hvperbolas  broauso  of 
the  high  color-disperwion,  p  >  t>;  thus  Des  Cloizeaux  gives  2Er  =  55'  to  56\  2Er  =  04"; 
the  dfupcrsioD  of  the  bisectrices  is.  however,  very  small. 

The  most  striking  cases  of  peculiar  axial  figures  are  afforded  by  twin  crystals  (Art.  40t). 

406.  Relation  of  Optical  Properties  to  Chemical  Composition. — The  effect  of 

varying  chemical  composition  upon  the  optical  characters  has  been  minutelr 

-  — 

*  Varlatlona  in  the  axbl  figures  embraced  under  the  head  of  optical  anomalies  are  spoken 
of  bter  (Art.  411). 
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studied  in  tlie  case  of  mau;  series  of  isomorphous  salts,  and  with  important 
results.*  It  is,  iudoed,  only  a  part  of  the  general  subject  of  the  relatioQ  between 
crystalline  form  and  molecular  structure  on  the  one  band  and  cbemical  com- 
position on  the  other,  one  part  of  which  has  been  discussed  in  Art.  302.  It 
was  ehown  there  that  the  refructivo  iudez  can  often  be  approximately  calculated 
from  the  chemical  composition. 

Aiuoiig  uiiuuriils,  tlic  most  iuiportaJit  cxRmples  of  the  relutioD  between  coniposfiiou  (ind 
opiicu't  cLariK^lL-rB  are  iifToriled  by  tLe  tvlcliulv  feldBpun  of  tlie  albfte-auortliile  eerlet. 
ilui'u,  OS  expliiiiied  tu  deluil  in  Ihe  ilcBcriptive  part  of  Itiis  work,  tbc  rel&ilou  !■  bo  clow 
that  the  cumposhioD  of  uoy  iuiermedlalc  uieiuber  of  Ibis  isoniorpboua  group  c>iii*be  predicted 
frmn  Ibe  puaitiou  of  lis  cther-axcs,  or  more  simply  from  Ibc  Tibraiion  dlrecttuna  on  tb« 
fuuiiameaiul  cleuvagcdireclioua,  |i>  (001)  and  \b  (lilU). 

The  effect  of  varyiug  amouuia  of  Irou  pnitoxiile  (FeO)  is  illustiaied  iu  tLe  cose  of  Ike 
moDocltuIc  pyroxenes,  wliere,  for  example,  the  aiigie  Bx,  a  ^  is  E6°  in  diopside  (29  p.  c. 
KeO)  aud  40'  in  licdeubergiie  (2S  p.  C.  FeO).  'i'liia  <b  aJso  sbown  la  tbe  c1o«ely  reUklcd 
oi'tborbombic  species  of  Ibe  same  group,  eustalilc,  MgSiOiwlLb  llllle  IroD,aDd  Lyperstbene, 
(Mg,Fe)dlU,  nllli  iron  lo  nearly  30  p.  c.  WUli  lutb  of  tbcse  sptcies  Ihe  niinl  pbiiie  it 
pamnel  to  A  (010),  but  iLe  former  is  optically -|- (Itxi  =  cjandlbcdispi^rsiou  p  <f,  Ibc  latter 
13  opliciilly  —  (Bi»=  a)  nud  dlsperelon  p  >  e.  In  olbcr  wards,  llie  optic  axial  angle 
iiicrenses  nipidly  witli  tbe  FeO  percenlnge.  beiuc  about  60°  for  FeO  =  10  p.  c.  lu  iLe  case 
of  tbe  cliry&ulltes.  tbe  epldolea,  tbe  species  Iriphjllle  nod  litbiopljlllle,  ajid  oUien,  analogous 
relations  have  been  muile  out. 

407.  Optical  Properties  of  Twin  Crystals. — The  eznmioation  of  sections  of 


fi66. 


n-vz. 


twin  crystals  of  any  other  than  the  isometric 
system  in  polarized  light  serres  to  establisli  the 
compound  character  at  once  and  also  to  sliov  the 
relative  orientation  of  the  several  parts.  This  is 
most  distinct  in  the  case  of  ebtitnct-twins,  bnt  ia 
also  well  shown  with  penetratiou-twinB,  though 
here  tlie  parts  are  usually  not  separated  by  a  sharp 
line. 

Thus  the  examination  of  a  section  parallel  to 
b  (010)  of  a  twin  crystal  of  eypsunt,  of  the  type 
-'^■--  '■-■"'  ■•-'—  ■■' - '■*-  "'  '^-fihthe 


of  Fig.  555,  makes  it  easy  not  only  to  establish  t 
fact  of  tlie  twinning  but  alEO  to  fix  tbe  relulive 
positions  of  the  ether-axes  in  tlic  two  )iarts.    The 
measiireniciit  can  in  such  cases  be  made  between 

tbe  extinction-directions  in  the  two  halves,  instead  of  between  one  of  these  and 

some  definite  cryst allograph ic  line,  as  the  vertical  axis. 

Tbe  iK>!yHyiiiliptic  iwliiniiiR  nf  ci'i-iahi  siMrcies.  as  tbc  tricllulcfeldipnrB,  appears  wiili 

gn-at  clisiiucliii-ES  in  pobirizeil  liglil.    For  vxnmple.  in  lliecaHeof  a  section  of  alblle,  pniallel 

to  llie  linsal  ('lenvIlg■^  llie  iillernulc  bunils  extingiilsli  together 

atiil  Bi-iiinu  Ibe  s:i]nc  lint  wLeu  the  quail z  seciion  Is  iasei'ied. 

lIciK'H  llie  angle  between  these  dii-eclioiia  is  easily  iiieiisureil. 

anr]  Ihia  U  obviously  dniible  tin-  fXlincliDii-imgle  mudo  ivilh 

tbe  eilw  l>/f.     A  IkimI  seoliuii  of  inicrocKne  in   Ibe  same  way 

sliowt  i'K  nimpouuil  twitiiiin!!  arronlinir  lo  b'^ili  t)ie  alliiic  nno 

jioricHno    l-iwR.    llic    cliarnrterlHlic    gralinK    siriiclure    Ijeiue  f 

clearly  rcvunled  tii  |H>lan»-il  liglit.     Fli!.  !i'M  of  a  section  of   r 

rJiiinilroiliie  ifroni  I)eh  riiiizeiiux)  shows  how  Ihe  coin|K>mid   | 

Btnirlnrc  is  shown  liy  optiinl  examination  ;  Ihe  |iosIIl<in  of  the   l 

nvial  pliini    is  iiiiliMi'i'il  Jn  rlii'  rriRi-  of  ibc  siiciTsulve  jmlvsyn-   ' 

thclic  laiiicllic.     Tiir  cmniilvx  piMiclraltun-lwins  of  righl- nud    ' 

I'.-fl-bnniicil   iTvsliiN   of   iiuiirtz   (nee   Ibe  desi-iipiiou   of    that 

HpeeiiH^  also  Imve  llidr  eliaiiLcter  KTr^kiugly  revenliil  in  pular- 

ind  liu'bi. 

BlEII  agntn,  the  true  Kinirtnreof  roniplex  mnlKpIc  i 


&Btf. 


exhibliing  pAeiid»«ymm«liy 


It  paper  by  PockeU,  Jb.  Mhi.,  Bell.-Bd.,  8,  117.  ] 
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Id  tlicir  exterual  rorm,  c&u  only  be  fully  minlp  nut  in  this  wny.  Tliiti  is  ilUisiiitlitd  by  Fig. 
RAT.  a  basal  aeclioi)  <if  ui  iipiHirerit  bexn^'oiinl  pymiDiil  of  wilberilf  (if  Fig  400,  p.  12»). 
Tlw  Mialogoii:!  six-sldi'd  iiyramid  of  bnimliti:  (i"\g.  9SSi  hi«  a.  sLlU  more  ooinpUx  siniciure, 
S51  bBS. 


Ummliie  (Dt«  C1oiz(iuiii>. 

siiiipli!  trysial  of  stilbitc:  Fi;;.  Tifll  is  il.c 
iilea  iiow  the  ciiiii|>1ex  sliucmre  (|4  010)  is  rcvi 
polaiizeii  light.     Otber  ttlualrntloiis  nri.'  girtu  id  Art.  411.    It  will  be  i  udcraioiid 


u  thowu  Iti  Wis.  559.    Fig.  060  ali 

type  of  twiD-crysuiI,  mid  Fig  562  tilusim 


6tilbil«  (Lnsniilx). 
tbe  iizlul  iulcrfereDce-flgnres  of  twin  tryslnis,  wlicre  Ibe  purls  arc  Biiperposed,  oflen  sbow 
muiy  peciiltariilM:  tlie  Air^  ipinils  of  qinirrs!  (p.  •iVZ<  will  KCrvu  iis  mi  illnsirnMon. 

403.  A  pnrticniarly  interesting  ciise,  lelutc-i]  to  the  Btibjtict  discuss il  in  the 

preceding  article,  is  thut  of  tlie  special  iiropertitis  of  ^nperposed  eleuvagc- 

663,  sections  of  mica,  as  developed  by  IJeuseh.*     Jf  three  or 

more  of  these,  my  of  recttiiigular  form,  be  Bnpprjioscd  niid 

BO  placed  that  Ihe  liiirs  of  ihc  nsi.'il  (ilnncR  make  fqiinl 

aneleaof  CO"  (i't^,  etc.)  with  each  (itber  the  cfTert  is  that 

I  polarized  liplit  wbit^h  lins  pnFsrd  tlirf.ii;;]i  (lie  center 
Buffers  cir^nlar  jiohiriziUion,  with  ii  rotjitiipn  tn  ri^i't  or 
left  according  to  the  wnv  in  wliii'h  tlir  eeetioiiP  lire  I  iiilt 
np.  The  interference-fipnre  rpsembleN  tlmt  of  n  Pi'ciioTi 
of  qtiartz  cut  norninl  to  the  axis.  This  is  illustniicl  in 
Fig.  563. 

If  tlie  sections  are  ntimerotis  and  verv  tiiiii  the  iinitiL- 
tion  of  the  phenomena  of  (piflrlz  is  rloscr.     As  shou??  liv 

,   139.  038.  1869;    Sobnckc,   ibM..  Erg..Ba..  8.   10,   18T6.  iiikI 
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Sohnckc  and  others,  these  facts  throw  much  light  upon  the  ultimate  molecuhir 
structure  of  a  crystullized  medium  showing  circuhir  polarization.  Further,  it 
is  easy  from  this  to  understand  how  it  is  possible  to  have  in  sections  of  certain 
crystals  (<*.//.,  of  clinochlore)  portions  which  are  biaxial  and  others  that  are  uni- 
axial, the  latter  being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions. 

409.  Optical  Propertiat  of  CrTitalline  Aggregatei. — Tbe  special  opticAi  pbeiiomeDa  of  tbe 
<lifTeivnt  kinds  of  crvstalliue  ug^rrugates  (k'scribed  uu  pp.  142,  1-13.  nod  tbe  extent  to  which 
tiiL'ir  upiical  chur.-icters  can  bt*  deleniiiiied  de|)eud  uixjii  the  distiiictuess  iu  the  devclopiueut 
of  tbe  individuals  and  their  relative  orientation.  Tbe  case  of  ordiDar}' gnioular,  librous,  or 
coliiniuar  agi: regales  needs  no  special  discussion.  Where,  however,  the  doubly  refracting 
gRiins  :ire  extremely  small,  tbe  microscope  may  hardly  serve  to  do  moie  than  to  show  the 
aggregate  polarization  present. 

A  case  of  special  interest  is  that  of  spherulites,  that  is,  aggregates  spherical  iu  form  and 
mdiateii  or  concentric  in  structure:  such  aggregates  occur  with  calcite,  various  cblorites, 
feldspars,  etc.  If  they  ai-e  formed  of  a  doubly  refracting  crystalline  mineral,  or  of  an 
umorpbous  suijstance  which  has  birefriugent  characters  due  to  internal  tension,  they  com- 
monly exhibit  a  dark  cross  in  the  micn)KiO|)e  between  crossed  nicols;  further,  this  cross,  as 
the  section  is  revolved  on  tbe  stage,  though  actually  stationary,  seems  to  rotate  backward.* 

A  distinct  and  more  special  case  is  that  of  spherical  aggregates  of  a  mineral  optically 
uniaxial  'or  biaxial  with  a  small  angle).  Sections  of  these  (not  central)  iu  parallel  polarized 
light  show  more  or  less  distinctly  the  interference-figure,  of  a  uniaxial  crvstal.f  The 
objective  must  be  f(x;ussed  on  a  point  a  little  removed  from  the  section  itself,  say  on  the 
surface  of  the  sphere  of  which  it  is  a  part.  In  such  cases  the  -(-or  —  character  of  the 
double  refraction  can  be  determined  as  usual. 

410.  Change  of  Optical  Charaeter  Induced  by  Preunre. — As  tbe  difference  between  the 
optical  phenomena  exhibited  by  an  isometric  crystal  on  the  one  hand  and  a  uniaxial  or 
biaxial  crystai  on  the  other  is  referred  to  a  difference  in  molecular  structure  modifying  the 
pritpcriies  of  tbe  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
t->  conditions  tending  to  develop  an  analogous  difference  in  its  molecular  structure  it  would 
also  show  doublv  refracting  properties. 

This  is  founci  to  be  the  case.  Glass  which  has  been  suddenly  cooled  from  a  state  of 
fusion,  and  which  is  therefore  characterized  by  strong  internal  tension,  usually  sliows 
marked  double  refraction.  Further,  glass  plates  subjecteii  to  great  mechanical  pressure  in 
one  direcTiou  show  in  polarized  light  more  or  less  distinct  interference-curves.  Gelatine 
8irrrio:i*».  ai«io.  under  pn-ssure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  block 
di-vi-!-»;'«Ml  under  tiie  influence  of  unlike  chargesof  electricity  of  gi-eatdiflereuce  of  potential 
on  i's  ll;•pt.^i:e  f«i«les  is  sufficient  to  make  it  doubly  refracting. 

In  an  aiiril'^irous  manner,  as  shown  by  Klein.  BQcking.  and  others. J  the  double  refraction 
of  a  cry«.t:il  njjiy  be  changed  by  tbe  application  of  mechanical  force.  Klein  found  that 
ppj^^uie  I'xei  !tMi  normal  to  tbe  vertical  axis  of  a  section  of  a  teti-agonal  or  hexagonal  ciystal 
w1j!.!j  Ins  Wo'.Mi  «iit  j.  c,  changes  the  uniaxial  interference- figure  into  a  biaxial,  and  with 
Bub-::in  ts  o.iioally  positive,  the  plane  of  tbe  optic  axes  was  parallel,  and  with  negative 
siib-'nnofs  norniiil,  to  tbe  direction  of  pressure. 

The  quai  iz  fry.stjils  in  rocks,  which  have  been  subjecteii  to  great  pressure,  are  often  found 
to  be  ill  an  abuonnal  stale  of  tt-nsion.  showing  an  undulatory  extinction  in  polarized  light. 

411.  Optical    Anomalies. — Since    the    early   investigations    of    Brewster, 

Ilcr.soiiel,  and  others  (1815  ef  seq)  it  has  been"  recognized  that  many  crystals 
exhibit  optical  phoimniena  which  are  not  in  harmony  with  the  apparent 
sytiiinctry  of  their  external  form.  C'ry.stals  of  many  isometric  species,  as 
aiial'-irc.  ahiin.  boraoilc.  ^rarnct.  fir.,  often  show  more  or  less  prononnced 
liuui'If  roiraclion.  an*!  soineriinos  they  are  distinctly  nniaxial  or  hiaxial.  A 
seLiiuii   examined   in  parallel  i^olarizfd   liirht   may  show  more  or  less  sliarply 

*i  i.  H«.-.  nliuscli.  Mikr.  Pliv-*..  (W,r^,r;..  l^y-j. 

♦  Hri:i:in.i.  ('   U..  94.  .■»4\?.  fs^-J:  Mallard.  Bull.  Snr.  Min..  4,  67,  1881. 

X  Thi-  <ul»J5'r    \\i\<  been  di'scussfd  by  vari-Mi-  Milliners.  anuMiir  whom  (in  recent  years)  arc 
the  foMowinc:   Klmktv  .]!».  Min..  2.  '^V^.  is^i:  Hn.-kin;:.  Zs.  Krvst..  7,  ,W>.  1888;  Brauns. 
Jb.  Min  .   1.  2;«.  1SS«:    Klein,  \W\.  \k.  Btiliii.  7J4.  ISiH):  Poi  kels.  Wied.  Ann..  37   144 
etc.,  1S89;  39,  440.  189U;  Jb.  Min.,  Biil  -Bd.,  8.  017.  1893.     See  also  literature  on  p  *23l  * 
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defined  doubly  refracting  areas,  or  parallel  bands  or  lamellsB  with  varying 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thns,  a  dodecahedron 
uiay  appear  to  lie  made  up  of  twelve  rhombic  pyramids  (biaxial)  whose  apices 
are  at  the  center;  a  hexoctahedron  similarly  may  seem  to  be  made  up  of  forty- 
eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
Tesavianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interference- 
figures  resembling  those  of  biaxial  crystals.  Also,  analogous  contradictions 
between  form  and  optical  characters  are  noted  with  crystals  of  orthorhombic 
and  monoclinic  species,  e,g,y  topaz,  natrolite,  orthoclase,  etc.  All  cases  such  as 
those  mentioned  are  embraced  under  the  common  term  of  optical  anomalies. 

This  snbject  has  been  minutely  studied  by  many  investigators  in  recent 
years  (see  literature),  and  important  additions  have  been  made  to  it  both  on 
the  practical  and  the  theoretical  side.  The  result  is  that,  though  doubtful 
cases  still  remain,  many  of  the  typical  ones  have  found  a  satisfactory  ex- 
planation.    No  single  theory,  however,  can  be  universally  applied. 

The  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  whether  they  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand, 
it  has  been  urged  that  internal  tension  suffices  (Art.  410)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equally  clear 
that  twinning  often  produces  pseudo-symmetry  in  external  form,  and  at  the 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case, 
as  that  of  aragonite  (Fig.  397),  we  pass  to  more  complex  cases,  as  witherite 
(Figs.  400,  401,  and  567),  bromlite  (Figs.  558,  559),  phillipsite  (Figs.  362, 
422-424),  which  last  is  sometimes  pseudo-isometric  in  form,  though  optical 
study  shows  the  monoclinic  character  of  the  individuals.*  Reasoning  from 
the  analogy  of  these  last  cases.  Mallard  was  led  (1876)  to  the  theory  that  the 
optical  anomalies  could  in  most  cases  be  explained  by  the  assumption  of  a 
similar  bat  still  more  intimate  grouping  of  molecules  which  themselves  without 
this  wonld  unite  to  form  crystals  of  a  lower  grade  of  symmetry  than  that  which 
their  complex  twinned  crystals  actually  simulate. 

In   regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 

internal  tension  (due  to  pressure,  sudden  cooling,  or  rapidity  of  growth,  etc.) 

can  be  safely  appealed  to  to  explain  the  anomalous  optical  character  of  many 

species,  as  diamond,  halite,  beryl,  quartz,  etc.     Again,  it  has  been  full^  proved 

that   the   later  growth   of  isomorphous  layers  of  varying  composition  may 

produce  optical  anomalies,  probably  here  also  to  be  referred  to  tension.     Alum 

18  a  striking  example.     The  peculiarities  of  this  species  were  early  investigated 

by  Biot  and  made  by  him  the  basis  of  his  theory  of  'Mamellar  polarization,'' 

but  the  present  explanation  is  doubtless  the  true  one.     Fig.  564  (from  Brauns) 

shows  the  appearance  in  polarized  light  of  a  section  ||  o  (1 11)  from  a  crystal  in 

which  the  successive  layers  have  different  composition.     Further,  according  to 

Brauns  the  optical  peculiarities  of  many  other  species  may  be  referred  to  this 

same  cause.    JBe  includes  here,  particularly,  those  cases  (as  with  some  garnets) 

in  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 

*  Crystals  showing  pseudo-symmetry  of  highly  complex  type  are  called  mimetic  crystals 
by  Tschermak. 
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noted  abore.     Here  belongs  also  npopbyllite,  a  section  of  which  {from  Golden, 
Colo.,  by  Klein)   is  aliowii  in  Fig.  563.     Tlie  section   iias  been  cut  (  c(001| 

through  the  center  of  the  crystal  and  is  represented  as  it  appears  in  parallei 
polarized  light. 


Alum,  I  Itl. 


Apoplivlirie.  I  001. 


Leucite.  [  100. 


Another  quite  dtetinct  but  most  important  class  is  that  including  epecla 
such  as  boracite  and  leucite,  which  are  dimorukoux ;  that  is,  tboso  speciei 
whicli  at  a  certain  elevation  of  temperature  (300  for  boracite  and  500°  to  GOO" 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  these  speciei 
are  anisotropic,  but  the  fact  stated  makes  it  probable  that  originally  tlieii 
crystalline  form  and  optical  characters  were  in  harmony,  The  relationa  foi 
leucite  deserve  to  be  moi'e  minutely  stftte<i. 

Leiiclle  iisuiilly  sliows  very  fpeble  double  refmction  :  w  =  1-608.  e  =  1-509  Thh 
nociiniilou8i)inil)lerermolioii.  eurly  nolnl  {UrewsU-r.  Biul),  wni  vniioualy  expkliie<l.  In  1878 
Ritih,  (ID  [he  biiatH  uf  curufiil  tueuurt-iiietits,  referred  tlii^Memhiuly  Isomelric  rryslali  to  iIh 
telragoiial  syiiem,  tlic  tnipi-KolieilrHl  riicc  112  lieiug  Inkcn  an  111.  mid  311,  131  hs  421,  Sit, 
raBpi-ciiiBlyislao  101,  Oil  iisBOl.  031.  Lftttr  Wcisbncli  (18f0),  on  tbc  sntue  gr 
tJiein  orLliorUomblc;  Malliinl.  huwevnr,  referred  llii-m  (18761.  rliicfly  oi^oplical 
Ibe  ntonocliiiic  Ryatcm.  mid  Fouqiie  rdiI  Levy  (IS'Si  to  tlin  trlcUntc. 
Gori-eBpuuiliiij;  lo  the  mnlt^ciiIiLr  alnictiirc  nhieh  tlicy  rHiii<ieKa  oi-  tend 
tFinpomnim.  is  (ii  doubt,  but  It  lins  l>pen  sliowti  (Klclx,  Pcnlii-ld)  lliKt  at 
sectton*  become  iBOtropfc:  iind  fiirlber  (ntwnbiisch),  tlml  th«  twhnihii!  Ktrinlloita 
on  heklin^,  to  nmppear  ajmin  In  new  poMlinri  on  corilini;  8o<^tfnnB  ordiofl  , 
iwlaniiig-laiiiellffi  |  (1(110):  in  srime  cnses  a  bispcirix  (+)  it  normal  tu  nliit  com^pondi 
a  cubic  fiiCP,  Uie  asinl  anftlc  bcinir  very  BnmU.  The  Hlniclure  pnrrespiiiidB  in  genont, 
(Klein)  lo  iho  hitcrpMietnilirtii  of  iLne  eryslnla,  In  twinning  posiiioii  |  d.  which  mny  ba 
cqnnliy  or  ilnHiiiBlly  developed;  or  there  may  he  one  fiindnineiitiil  indiTidiml  wl^h  IncloBedl 
iwlnnhig-lnmellis.  Fig.  566  Rhowa  a  secihiii  of  u  cryBlal  (|  a.  100)  wliloh  Is  apiwreniW 
made  up  by  Ibe  twinning  of  three  ludividniita.  n 

Still  ao;ain,  in  a  limited  nnmber  of  cases  it  can  be  shown  that  the  interJ 
growth  of  lamellBeliaving  slightly  different  crystallographic  orientation  is  Ibe, 
oauae  of  the  optical  pecnliarities.  Prehnite  is  a  conspicuous  example  of. 
this  class. 

After  all  the  vnrioas  [Kissible  explanations  have  been  applied  there  still- 
remain,  however,  many  species  about  which  no  certain  conclusion  can  h«' 
reached.  This  is  true,  for  example,  of  perovakite.  To  many  of  these  speciesl 
the  theory  of  Mallard  may  probably  be  applicable.  Indeed'  it  may  be  added' 
that  much  difference  of  opinion  still  exists  as  to  the  cause  of  the  "optical' 
anomalies"  in  a  considerable  number  of  caseB. 
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IV.   CHARACTERS   DEPENDING  UPON  HEAT. 

412.  The  more  important  of  the  special  properties  of  a  mineral  species  with 
respect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 
especially  in  their  relation  to  crystalline  structure;  change  in  optical  characters 
with  change  of  temperature;  specific  heat;  also  diathermancy,  or  the  power 
of  transmitting  radiation,  that  is,  ether-waves.     The  full  discussion  of  these 
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and  other  related  subjects  lies  outside  of  the  range  of  the  present  text-book. 
A  few  brief  remarks  are  made  upon  them,  and  beyond  these  reference  must  be 
made  to  text-books  on  Physics  and  to  special  memoirs,  some  of  which  are  men- 
tioned in  the  literature  (p.  233). 

413.  Fusibility. — The  approximate  relative  fusibility  of  different  minerals 
is  an  important  character  in  distinguishing  different  species  from  one  another 
by  means  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently  used  for 
comparison,  as  explained  in  the  articles  later  devoted  to  the  blowpipe.  Accurate 
determinations  of  the  fusibility  are  difficult,  and  though  of  little  importance 
for  the  above  object,  they  are  interesting  from  a  theoretical  standpoint.  They 
have  been  attempted  by  various  authors,  for  example  by  Joly,  who  employed 
the  "meldometer"  for  this  end.  This  consisted  of  a  strip  of  platinum  in 
which  the  mineral  in  powder  was  inclosed;  it  was  heated  to  the  necessary 
point  by  an  electrical  current.  He  obtained  the  following  values  for  the 
minerals  used  in  von  Kobell's  scale  (Art.  474):  Stibnite,  525°;  natrolite,  965°; 
almandite,  1265°;  actinolite,  1296°;  orthoclase,  1175°;  bronzite,  1300°;  also 
for  quartz,  1430°. 

414.  Conductivity. — The  conducting  power  of  different  crystallized  media 
was  early  investigated  by  Senarmont.  He  covered  the  faces  of  the  substance 
under  investigation  with  wax  and  observed  the  form  of  the  figure  melted  by  a 
hot  wire  placed  in  contact  with  the  surface  at  its  middle  point.  Later  inves- 
tigations have  been  made  by  Rontgen  (who  modified  the  method  of  Senarmont), 
by  Jannettaz,  and  others.  In  general  it  is  found  that,  as  regards  their  thermal 
conductivity,  crystals  are  to  be  divided  into  the  three  classes  noted  on  p.  192. 
In  other  words,  the  conductivity  for  heat  seems  to  follow  the  same  general  laws 
as  the  propagation  of  light.  It  is  to  bo  stated,  however,  that  experiments  by 
S.  P.  Thompson  and  0.  J.  Lodge  have  shown  a  different  rate  of  conductivity  in 
tourmaline  in  the  opposite  directions  of  the  vertical  axis. 

415.  Expansion. — Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  for  the  unit  volume  in  passing  from  0°  to  1°  C.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  species. 
Further,  the  relative  expansion  in  different  directions  is  found  to  obey  the 
same  laws  as  the  light-propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  three  classes  mentioned  on  p.  192  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  is 
influenced  particularly  by  the  cleavage.  Mitscherlich  found  that  in  calcite 
there  was  a  diminution  of  8'  37"  in  the  angle  of  the  rhombohedron  on  passing 
from  0°  to  100°  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rhombohedron  of  dolomite,  for  the  same  range  of  tem- 
perature, diminishes  4'  46";  and  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100°,  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedrons, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  lateral  shortened),  while 
in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both  cases 
that  the  birefringence  is  diminished  with  the  increase  of  temperature,  for 
calcite  possesses  Tiegative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  altor  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
not  alter  the  zone-relations  and  the  crystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-lamellas  (as  in 
anhydrite)  or  to  cause  their  disappearance  (as  in  calcite).     Rarely  heat  serves 
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to  develop  a  new  molecular  structure;  thus,  as  explained  in  Art.  411,  boracite 
and  leucite,  which  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300^  the  latter  to  500°  or  600°.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  404). 

416.  Specific  Heat. — Determinations  of  the  specific  heat  of  many  minerals 
have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results  reached 
are,  as  follows  : 

Joly.  Oeberg:.  Joly.  Oeberg. 

Galena,  erpst.  00541  —  Ortboclase  0'1869  01877 

CUalcopyrile  01271  01291  Albite  0  1988  0197^ 

Pyriie  01806  —  A\n\)hibo\e,  black        01968  Augite  0  1880 

Bferaatite  01683  0 1645  Beryl  0*2066  0  1979 

Qaruei,  red erysi.  01780-0  rm  01758  Calcite  0  2084-0  2044  0*2042 

Epidote  0-1877  0-1861  Aragouile  02086  — 

417.  Diathermancy. — Besides  the  slow  molecular  propagation  of  heat  in  a 
body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered  the 
rapid  propagation  of  what  is  called  radiant  heat  through  it  by  the  wave- 
motion  of  the  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light-waves  only  in  their  relatively 
greater  length.  The  degree  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
halite,  sylvite,  and  fluorite  are  highly  diathermanotis,  since  they  absorb  but 
little  of  the  heat-waves  passing  through  them;  on  the  other  hand,  selenite  and, 
still  more,  alum  are  comparatively  athermanous,  since  while  transparent  to  the 
short  light-waves  they  absorb  the  long  heat-waves,  transforming  the  energy 
into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were  early  made 
by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.    CHARACTERS  DEPENDING  UPON   ELECTRICITY 

AND    MAGNETISM. 

1.  ELECTEICITY. 

418.  Electrical  Conductivity. — The  subject  of  the  relati?e  condncting  power 
of  different  minerals  is  one  of  minor  interest.*  In  general  most  minerals, 
except  those  having  a  metallic  luster  among  the  sulphides  and  oxides,  are  non- 
conductors. Only  the  non-conductors  can  show  pyro-electrical  phenomena, 
and  only  the  conductors  can  give  a  thermo-electric  current. 

419.  Frictional  Electricity. — The  development  of  an  electrical  charge  on 
many  bodies  by  friction  is  a  familiar  subject.  All  minerals  become  electric  by 
friction,  although  the  degree  to  which  this  is  manifested  differs  widely.  There 
is  no  line  of  distinction  among  minerals,  dividing  them  mio  positively  electric 
and  negatively  electric;  for  both  electrical  states  may  be  presented  by  different 
varieties  of  the  same  species,  and  by  the  same  variety  in  different  states.  The 
gems  are  in  general  positively  electric  only  when  polished;  the  diamond,  how- 
ever, exhibits  positive  electricity  whether  polished  or  not.  It  is  a  familiar  fact 
that  the  electrification  of  amber  upon  friction  was  early  observed  (600  B.  C.), 
and  indeed  the  Oreek  name  {tfXeKTpov)  later  gave  rise  to  the  word  electricity. 

420.  Pyro-electricity. — The  simultaneous  development  of  plus  and  minus 
charges  of  electricity  on  different  parts  of  the  same  crystal  when  its  tempera- 
ture is  suitably  changed  is  called  pyro-electricity.  Crystals  exhibiting  such 
phenomena  are  said  to  be  pyro-electric.  This  phenomenon  was  first  observed 
in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in  crystalliza- 
tion, and  it  is  particularly  marked  with  crystals  belonging  to  groups  of  relatively 
low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is  possible,  of 
course,  only  with  non-conductors.  This  subject  was  early  investigated  by 
Biess  and  Hose  (1843),  later  by  Hankel,  also  by  C.  Friedel,  n^undt,  and  others 
(see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystallographic  symmetry  show 
charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boracite  (isometric-tetrahedral,  p.  46)  on  heating  exhibits  +  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.     Cf.  Pig.  567. 

Tourmaline  (rhombohedral-hemimorphic,  p.  79)  shows  opposite  charges  at 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.  In  this  and  in  other  similar  cases,  the  extremity  which 
becomes  positive  on  heating  has  been  called  the  analogous  pole,  and  that  which 
becomes  negative  has  been  called  the  antilogous  pole. 

Calamine  and  struvite  (orthorhombic-iemimorphic,  p.  95)  exhibit  phenom- 
•ena  analogous  to  these  of  tourmaline. 

Quartz  (rhombohedral-trapezohedral,  p.  82)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  and  —  electricity  at  the  three  remaining 
edges  ;  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
handed.    Twins  may  exhibit  a  high  degree  of  complexity.    Cf.  Pigs.  568,  669. 

Axinite  (tricliTiic,  p.  107),  when  heated  to  120°  or  130°,  has  an  analogous 
pole  (Riess  &  Rose)  at  the  solid  angle  rxM';  the  antilogous  pole  at  the  angle 
mr'M'  near  plane  «. 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 

•  On  the  conductivity  of  mlneraU.  w*c  Beijerinc  k.  Jb.  Miii..  Beil.-Bd.  11,  408,  188a 
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the  following,  which  is  dne  to  Kundt:  First  heat  the  crystal  or  section  care- 
fully in  an  air-bath;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  little  upright  cylinder  of  brass  to  cool.  While 
cooling,  a  mixture  of  red  lead  and  sulphur  finely  pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.     The 


667. 


668. 


669. 


positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  negatively  electrified  sulphur  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  567-569,  and  still  better  by  the  illustrations  given  bv  Kundt 
and  others.    (Cf.  Plate  111  of  Groth,  Phys.  Kryst.,  1895.) 

421.  Pieao-electricity. — The  name  piezo-electricity  has  been  given  to  the 
development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This  is 
shown  by  a  cleavage-mass  of  calcite,  also  by  topaz.  This  phenomenon  is  most 
interesting  where  a  relation  can  be  established  between  the  electrical  excite- 
ment and  the  molecular  structure,  as  is  conspicuously  true  with  quartz,  tour- 
maline, and  some  other  species. 

This  subject  has  been  investigated  by  Hankel,  Curie,  and  others,  am? 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  actinO'electricity^  or,  better,  photO'eleciricity,  for  the  phenom- 
enon of  calling  out  of  an  electrical  condition  by  the  influence  of  direct  radia- 
tion ;  fluorite  is  a  conspicuous  example. 

422.  Rontgen-rays  in  Mineralogy. — The  power  of  different  minerals  to 
transmit  the  so-called  X-rays,  or  Rontgen-rays,  emitted  from  a  suitable  vacuum- 
tube  during  the  discharge  of  an  induction-coil  has  been  investigated  by 
Doelter.*  He  has  found,  for  example,  that  sulphur,  beryl,  epidote,  pyrite,  etc., 
are  nearly  opaque;  tourmaline  less  so;  fluorite  transmits  the  rays  slightly,  the 
feldspars  and  (jnartz  better;  corundum  is  nearly  transparent  and  diamond  and 
graphite  are  highly  so.  Diamond  is  easily  distinguisned  in  this  way  from  its 
imitations,  which  are  relatively  highly  opaque. 

423.  Thermo-electricity. — The  contact  of  two  unlike  metals  in  general 
results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If, 
further,  the  point  of  contact  be  heated  while  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity — shown,  for  example, 
by  a  suitable  galvanometer — is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.  This  phenomenon  is  called  thermoelectvicityy 
and  two  metals  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table — a  so- 


•  Jb.  Min.,  a,  87,  1896 ;  1,  256,  1897.    Also  Goodwiu,  Nature,  April  80,  1896. 
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called  thermo-electric  series — according  to  the  direction  of  the  current  set  up 
on  heating  and  accoi-ding  to  the  elect rotiiotive  force  of  this  current.  Among 
the  metals,  bismuth  (-f-)  and  antimony  (— )  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  tne  connecting  wire  from  antimony  to 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force  is 
produced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
determined  by  Flight. 

It  was  early  observed  that  some  minerals  have  varieties  which  are  both  + 
and  — .  Rose  attempted  to  establish  a  relation  between  the  plus  and  minus 
pyritohedral  forms  of  pyrite  and  cobaltite,and  the  positive  or  negative  thermo- 
electrical  character.  Jjater  investigations  by  Schrauf  and  Dana  have  shown, 
however,  that  the  same  peculiarity  belongs  also  to  glaucodot,  tetradymite, 
skutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated  by  them  that 
it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon  chemical 
composition. 
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2.  Magnetism. 

424.  Magnetic  Minerals.  Natural  Magnets  ~A  few  minerals  in  their  natural 
Btate  are  capable  of  being  attracted  by  a  strong  steel  magnet;  they  are  said  to 
be  inngnefic.  This  is  conspicuonsly  true  of  magnetite,  the  magnetic  oxide  of 
iron;  also  of  pyrrhotite  or  magnetic  pyrites,  and  of  some  varieties  of  native 
platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 
cases  attracted  by  a  steel  magnet,  but  probably  in  most  if  not  all  cases  because 


♦  See  Liebisch,  Phys.  Kry?tallograpliie.  1891,  for  a  full  disrussion  of  the  topics  briefly 
loucl)e«l  upon  in  the  preceding  pages,  also  for  references  to  original  articlca. 
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of  admixed  magnetite  (but  see  Art.  426).  Occasional  varieties  of  the  three 
minerals  mentioned  above,  as  the  lodestoue  variety  of  magnetite,  exhibit  them- 
selves the  attracting  power  and  polarity  of  a  true  magnet.  They  are  then 
called  natural  magnets.  In  such  cases  the  magnetic  polarity  has  probably 
been  derived  from  the  inductive  action  of  the  earth,  which  is  itself  a  huge 
magnet. 

425.  Paramagnetism.  Diamagnetism. — In  a  very  strong  magnetic  field,  as 
that  between  the  poles  of  a  very  powerful  electromagnet,  all  minerals,  as 
indeed  all  other  substances,  are  influenced  by  the  magnetic  force.  According 
to  their  behavior  they  are  divided  into  two  classes,  the  2)ara7nagvetic  and 
ditnnagnetic;  those  of  the  former  appear  to  be  attracted,  those  of  the  latter  to 
be  repelled.  For  purposes  of  experiment  the  substance  in  question,  in  the  form 
of  a  rod,  is  suspended  on  a  horizontal  axis  between  the  poles  of  the  magnet. 
If  paramagnetic,  it  takes  a  position  parallel  to  the  magnetic  axis;  if  diamagnetic, 
it  sets  transversely  to  it.  Iron,  cobalt,  nickel,  manganese,  platinum  are 
paramagnetic;  silver,  copper,  bismuth  are  diamagnetic.  Among  minerals 
compounds  of  iron  are  paramagnetic,  as  siderite,  also  diopside;  further  beryl, 
dioptase.     Diamagnetic  species  include  calcite,  zircon,  wiilfenite,  etc. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experiment 
has  shown  that  in  isometric  crystals  the  magnetic  induction  is  alike  in  all 
directions;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetic  induction;  in  biaxial  crystals, 
that  there  are  three  unequal  magnetic  axes,  the  position  of  which  may  be 
determined.  In  other  words,  the  magnetic  relations  of  the  three  classes  of 
crystals  are  analogous  to  their  optical  relations. 

426.  Corresponding  to  the  facts  just  stated,  that  all  compounds  of  iron  are 
paramagnetic,  it  is  found  that  a  sufficiently  powerful  electromagnet  attracts 
all  minerals  containing  iron,  though  except  in  the  cases  given  in  Art.  424  a 
bar  magnet  has  no  sensible  influence  upon  them;  hence  the  eflBciency  of  the 
electromagnetic  method  of  separating  ores. 

Plucker*  determined  the  magnetic  attraction  of  a  number  of  substances 
compared  with  iron  taken  as  100,000.  For  example,  for  magnetite  he  obtained 
40,227;  for  hematite,  crystallized,  533,  massive,  134;  limonite,  71;  pyrite,  150. 
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VI.  TASTE  AND  ODOR. 

In  their  action  upon  the  senses  a  few  minerals  possess  ittste,  and  others 
under  some  circumstances  give  oft  odor. 

427.  Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows: 

1.  Astringent :  the  taste  of  vitriol. 

2.  Sweetish  astringent:  taste  of  alum. 

3.  Saline:  taste  of  common  salt. 

4.  Alkaline:  taste  of  soda. 

6.  Cooling :  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sour :  taste  of  sulphuric  acid. 

428.  Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the 
dry  unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids,  odors 
are  sometimes  obtained  which  are  thus  designated: 

1.  Alliaceous:  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  this 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  decnying  horse-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphurous :  friction  elicits  this  odor  from  pyrite,  and  heat  from  many 
sulphides. 

4.  Bituminous:  the  odor  of  bitumen. 

5.  Fetid :  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous:  the  odor  of  moistened  clay.  It  is  obtained  from  serpent- 
ine and  some  allied  minerals,  after  moistening  them  with  the  breath ;  others, 
as  pyrargillite,  afford  it  when  heated. 

429.  FeeL — The  feel  is  a  character  which  is  occasionally  of  some  import- 
ance; it  is  said  to  be  smooth  {8ep)o\ite),  greasy  (talc),  Aar^A,  or  meager,  etc. 
Some  minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  the 
tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS. 

430.  Miuerals^  as  regards  their  chemical  constitution,  are  either  the 
nncombined  elements  in  a  native  state,  or  definite  compounds  of  these  elements 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralogy to  determine  the  chemical  composition  of  each  species;  to  show  the 
chemical  relations  of  different  species  to  each  other  where  such  exist;  and  also 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means. 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralogy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowl- 
edge of  the  fundamental  principles  of  Chemical  Philosophy  is  required ;  and 
these  are  here  briefly  recapitulated. 

431.  Chemical  fflements. — Chemistry  recognizes  about  seventy  substances 
which  cannot  be  decomposed,  or  divided  into  others,  by  any  process  of 
analysis  at  present  known;  these  substances  are  called  the  chemical  elements. 
A  list  of  them  is  given  in  a  later  article  (436);  common  examples  are: 
Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

432.  Atom.  Molecule. — The  study  of  the  chemical  properties  of  substances 
and  of  the  laws  governing  their  formation  has  led  to  the  belief  that  there  is 
for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest  particle 
which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is  called  the 
atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  tho 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molecule.  The  molecule,  in  the 
chemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  be  subdivided  without  undergoing  chemical  decomposi- 
tion. For  example,  two  atoms  of  hydrogen  unite  to  form  a  molecule  of 
hydrogen  gas.  Again,  one  atom  of  hydrogen  and  one  of  chlorine  form  a  mole- 
cule of  hydrochloric  acid  gas;  two  atoms  of  hydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

433.  Phyiioal  Mdecoles. — An  important  distinction  must  be  made  between 
the  simple  chemical  molecules,  regarded  as  made  up  of  the  smallest  possible 
number  of  the  atoms  of  each  kind,  united  in  the  given  proportion,  and  the 
actual  physical  molecules  which  together  build  up  the  structure  of  a  particular 
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mass  of  matter.  These  physical  molecules  may  be  much  more  complex^  each 
being  made  up  of  a  Dumber  of  chemical  molecules  but  necessarily  containing 
the  respective  atoms  in  the  same  proportion.     In  the  case  of  a  gas,  it  is  always 

Eossible  to  determine  the  constitution  of  the  molecule,  as  is  explained  later, 
ut  in  the  case  of  liquids  and  solids  this  is  in  general  impossible. 
For  example,  it  is  certain  that  a  molecule  of  water  vapor  consists  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  but  the  molecules  of  water  which 
unite  to  build  up  a  snow  crystal,  though  containing  the  atoms  of  the  two 
elements  hydrogen  and  oxygen  in  the  same  proportion,  may  be  highly  complex, 
as  if  made  up  of  many  gas  molecules.  Since  it  is  in  general  impossible  in  the 
case  of  solids  to  fix  the  constitution  of  the  actual  molecule,  it  is  usually  better 
to  regard  it  as  a  chemical  molecule  of  the  simplest  possible  form. 

434.  Atomic  Weight. — The  atomic  weight  of  an  element  is  the  weight,  or, 
better  expressed,  the  mass  of  its  atom  compared  with  that  of  the  clement 
hydrogen  taken  as  the  unit.  Thus  the  mass  of  an  atom  of  oxygen  is  very 
nearly  sixteen  times  that  of  the  atom  of  hydrogen  (exactly  15'96),  and  hence 
this  number  is  called  the  atomic  weight  of  oxygen.  Of  the  methods  by  which 
the  relation  between  the  masses  of  the  atoms  is  determined  it  is  unnecessary 
here  to  speak;  the  results  that  have  been  obtained  are  given  in  the  table  on 
p.  241. 

435.  Symbol.  Formula. — The  symbol  of  an  element  is  the  initial  letter,  or 
letters,  often  of  its  Latin  name,  by  which  it  is  represented  when  expressing  in 
chemical  notation  the  constitution  of  substances  into  the  composition  of  which 
it  enters.  Thus  0  is  the  symbol  of  oxygen,  H  of  hydrogen,  CI  of  chlorine, 
Fe  (from  f err  urn)  of  iron,  Ag  (from  argentum)  of  silver,  etc.  Further,  this 
symbol  is  always  understood  to  indicate  that  definite  amount  of  the  given 
element  expressed  by  its  atomic  weight;  in  other  words,  it  represents  one 
atom.  If  twice  this  quantity  is  involved,  that  is,  two  atoms,  this  is  indicated 
by  a  small  subscript  number  written  immediately  after  the  symbol.  Thus, 
Sb^S,  means  a  compound  consisting  of  two  atoms  of  antimony  and  three  of 
sulphur,  or  of  3  X  120  parts  by  weight  of  antimony  and  3  X  32  of  sulphur. 

This  expression,  Sb,S, ,  is  called  the  formula  of  the  given  compound,  since 
it  expresses  in  briefest  form  its  composition.  Similarly  the  formula  of  the 
mineral  albite  is  NaAlSi.O.. 

Strictly  speaking,  such  formulas  are  merely  empirical  formulas,  since  they 
express  only  the  actual  result  of  analysis,  as  giving  the  relative  number  of 
atoms  of  each  element  present,  and  make  no  attempt  to  represent  the  actual 
constitution.  A  formula  developed  with  the  latter  object  m  view  is  called  a 
rational,  structural,  or  constitutional  formula  (see  Art.  453). 

436.  Table  of  the  Elements. — The  following  table  gives  a  list  of  all  the 
definitely  established  elements  with  their  accepted  symbols  and  also  their 
atomic  weights.* 

Of  the  elements  given  in  this  list — about  seventy  in  all — only  a  very 
small  number,  say  twelve,  play  an  important  part  in  making  up  the  crust  of 
the  earth  and  the  water  and  air  surrounding  it.  The  common  elements  con- 
cerned in  the  composition  of  minerals  are:  Oxygen, sulphur,  silicon,  aluminium, 
iron,  calcium,  magnesium,  sodium,  potassium.  Besides  these,  hydrogen  is 
present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  and  vegetable 
substances.  Only  a  very  few  of  the  elements  occur  as  such  in  nature,  as 
native  gold,  native  silver,  native  sulphur,  etc. 

*  These  correspond  in  value  to  those  commoaly  accepted,  and  nro  ffiven  accurate  to  one 
decimal  place.    In  strict  chemical  sense  the  atomic  weight  of  oxygen  is  1511^  etc. 


GENERAL   PRINCIPLES   OF   CHEMISTRY    AS   APPLIED  TO   MINERALS.        241 


the  elements,  oxygen,  hydrogen,  nitrogen,  chlorine,  and  fluorine  are 
bromine  is  a  yolatile  liquid;  mercury  is  also  a  liquid,  but  the  others 
ids  under  ordinary  conditions. 


Symbol. 

At.  Weight. 

Symbol. 

At.  Weight 

{um,  Aluminum 

Al 

27 

MaDgnnese 

Mn 

548 

ay  {Stibium) 

Sb 

120            ' 

Mercury  {Hydrargyrum) 

Hg 

1998 

A 

39  9 

Molybdenum 

Mo 

96 

As 

74-9 

Nickel 

Nl 

58-6 

6a 

137 

Niobium 

Nb 

98-7 

tin 

Be(orGl)    9  1 

Nitrogen 

N 

14 

1 

Bi 

207  5 

Osmium 

Os 

191 

B 

10-9 

Oxytjen 

0 

16 

e 

Br 

79-8 

Palladium 

Pd 

106  2 

im 

Cd 

111-7 

Piiosphorus 

P 

31 

I 

Cs 

58-7 

PIntini.ui 

Pt 

194  3 

1 

Ca 

39-9 

Potassium  {Kalium) 

K 

89 

C 

12 

Rhodium 

Rh 

1041 

Ce 

141 

Rubidium 

Rb 

85-3 

e 

CI 

35-4 

Ruthetdum 

Ru 

108-5 

um 

Cr 

52-5 

Scandium 

So- 

44 

Co 

68-7 

Selenium 

Se 

78  9 

»i urn,  see  Niobium 

■ 

Silicon 

Si 

28 

(Cuprum) 

Cu 

63  2 

Silver  {Argentum) 

Ag 

107-7 

um 

Di 

142 

Sodium  {Natrium) 

Na 

28 

I 

Er 

166 

Strontium 

Sr 

87-3 

e 

F 

19-1 

Sulplnir 

8       . 

82 

) 

Ga 

69-9 

Tantalum 

Ta 

182 

lium 

Ge 

73-3 

Tellurium 

Te 

125 

im,  see  Beryllium 

• 

Thallium 

Tl 

203-7 

iurum) 

Au 

196-7 

Thorium 

Th 

282 

i 

He 

4-4 

Tin  {Stannum) 

Sn 

117-4 

;en 

H 

1 

Titanium 

Ti 

48 

lu 

113-4 

Tungsten  {Wolframium) 

W 

188-6 

I 

1265 

Uranium 

U 

240 

1 

Ir 

192-5 

Vtmadium 

V 

511 

JnTttm) 

Fe 

559 

Ylierbiuni 

Yt 

172-6 

mm 

La 

188 

Yttrium 

Y 

89 

^lumbum) 

Pb 

206  4 

Zinc 

Zn 

651 

(1 

Li 

7 

Zirconium 

Zr 

90  4 

»ium 

Mg 

24 

r.  Metals  and  Kon-metals. — The  elements  may  be  divided  into  two  more 
\  distinct  classes,  the  metals  and  the  non-metals.  Between  the  two  lie  a 
jr  of  elements  sometimes  called  the  semi-metals.  The  meials,  as  gold, 
iron,  sodium,  are  those  elements  vih\ch, physically  described,  possess  to  a 
)r  less  perfect  degree  the  fundamental  cliaracters  of  the  ideal  metal,  viz.: 
.bility,  metallic  luster  (and  opacity  to  light),  conductivity  for  heat  and 
city;  moreover,  chemically  described,  they  commonly  play  the  part  of 
>8itive  or  basic  element  in  a  simple  compound,  as  later  defined  (Arts. 
49).  The  non-metals,  as  sulphur,  carbon,  silicon,  etc.,  also  the  gases,  as 
1,  chlorine,  etc.,  have  none  of  the  physical  characters  alluded  to:  they 
solids,  brittle,  often  transparent  to  light-nidiation,  are  poor  conductors 
at  and  electricity.  Chemically  expressed,  they  usually  play  the  negative 
1  part  in  a  simple  compound. 

e  so-called  semi-metals,  or  metalloids,  include  certain  elements,  as 
um,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
al  to  a  less  perfect  degree  {e.g.,  they  are  more  or  less  brittle);  and,  more 
bant  than  this,  they  often  play  the  part  of  the  acidic  element  in  the 
»nnd  into  which  they  enter.     These  points  are  illustrated  later. 
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It  is  to  be  understood  that  the  distinctions  between  the  classes  of  the 
elements  named  cannot  be  very  sharply  applied.  Thus  the  typical  metaliie 
characters  mentioned  are  possessed  to  a  very  unequal  degree  by  the  different 
substances  classed  as  metals;  for  example,  by  silver  and  tin.  Corresponding  to 
this  a  number  of  the  true  metals,  as  tin  and  manganese,  play  the  part  of  an  acid 

in  numerous  salts.  Further,  the  mineral  magnetite,  FeFe,0«,  is  often  described 
as  an  iron  ferrate;  so  that  in  this  compound  the  same  element  would  play  the 
part  of  both  acid  and  base. 

438.  Positive  and  Negative  Elements. — It  is  common  to  make  a  distinction 
between  the  electro-positive  and  electro-negative  element  in  a  compound.  The 
passage  of  a  sufficiently  strong  electrical  current  through  a  chemical  compound 
m  many  cases  results  in  its  decomposition  (or  electrolysis)  into  its  elements  or 
parts.  In  such  cases  it  is  found  that  for  each  compound  the  atoms  of  one 
element  collect  at  the  negative  pole  (the  cathode)  and  those  of  the  other  at  the 
positive  pole  (the  anode).  The  former  is  called  the  electro-positive  element 
and  the  latter  the  electro-negative  element.  Thus  in  the  electrolysis  of  water 
(U,0)  the  hydrogen  collects  at  the  cathode  and  is  hence  called  positive,  and 
the  oxygen  at  the  anode  and  is  called  negative.  Similarly,  in  hydrochloric  acid 
(HCl)  the  hydrogen  is  thus  shown  to  be  positive,  the  chlorine  negative.  This 
distinction  is  also  carried  to  complex  compounds,  as  copper  sulphate  (CuSOJ, 
which  by  electrolysis  is  broken  into  Cu,  which  is  found  to  be  electro-positive, 
and  SO^  (tlie  last  separates  into  SO,,  forming  H,SO^  and  free  oxygen). 

For  reasons  which  will  be  explained  later,  the  positive  element  is  said  to 
play  the  basic  part,  the  negative  the  acidic.  The  metals,  as  already  stated,  in 
most  cases  belong  to  the  former  class,  the  non-metals  to  the  latter,  while  the 
semi-metals  may  play  both  parts. 

It  is  common  in  writing  the  formula  to  put  the  positive  or  basic  element 
first,  thus  H,0,  U,S,  HCl,  H,SO,,  Sb,S.,  As,0.,  AsH,,  NiSb,  FeAs,.  Here 
it  will  be  noted  that  antimony  (Sb)  and  arsenic  (As)  are  positive  in  some  of 
the  compounds  named  but  negative  in  the  others. 

439.  Periodic  Law.— In  order  to  understand  the  relations  of  the  chief 
classes  of  chemical  compounds  represented  among  minerals,  as  still  more  their 
further  subdivision,  down  finally  to  the  many  isomorphous  groups — groups  of 
species  having  analogous  composition  and  closely  similar  form,  as  explained  in 
Art.  456 — the  fundamental  relations  and  grouping  of  the  elements  must  be 
understood,  especially  as  developed  of  recent  years  and  shown  in  the  so-called 
Periodic  Law.* 

Although  the  subject  can  be  only  briefly  touched  upon,  it  will  be  useful  to 
give  here  the  general  distribution  of  the  elements  into  Groups  and  Series,  as 
presented  in  the  Principles  of  Chemistry  (Engl.  Ed.,  1891)  of  D.  Mendel^eff, 
to  wliom  is  due  more  than  any  one  else  the  development  of  the  Periodic  Law. 
A  few  remarks  are  added  on  the  grouping  of  the  elements  as  illustrated  by 
mineral  compounds;  artificial  compounds  show  these  relations  still  more  fully 
and  clearly.  For  the  thorough  explanation  of  this  subject,  more  particularly 
as  regards  the  periodic  or  progressive  relation  between  the  atomic  weights  and 
various  properties  of  the  elements,  the  reader  is  referred  to  the  work  above 
mentioned  or  to  one  of  the  many  other  excellent  modern  text-books  of 
chemistry. 

The  relations  of  some  of  the  elements  of  the  first  group  are  exhibited  by 
the  isomorphism  (see  Art.  456,  also  the  description  of  the  various  groups  and 
species  here  referred  to,  which  are  given  in  Part  IV  of  this  work)  of  NaCI» 
I^Cl,  AgCl;  or  again  of  LiMnPO^  and  NaMnPO^,  etc.     In  the  second  group, 

*  The  relations  hp^  '         '  t  out  are  importunt,  even  if  the  validity  of  the  Periodic  Law 
h  lem  geaenl  it»'  osed. 
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reference  may  be  made  to  the  isomorphism  of  the  carbonates  and  sulphates 
(p.  250)  of  caloiumy  barium^  and  strontium;  while  among  the  sulphides,  ZnS, 
CaS,  and  HffS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
alamininm  oiten  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano-silicates,  while 
the  compounds  TiO,,  SnO,,  PbO,  (and  MnOJ,  also  ZrSiO,  and  ThSiO,,  have 
closely  similar  form.  In  the  fifth  group,  many  compounds  of  arsenic,  antimony, 
and  bismuth  are  isomorphous  among  metallic  compounds,  while  the  relations 
of  phosphorus,  vanadium,  arsenic,  also  antimony,  are  shown  among  the 
phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual  relations 
of  the  niobates  and  tantalates  are  to  be  noted. 

In  the  sixth  group,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellariam,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellurides; 
further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both  of  these 
to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sulphates, 
chromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  undei-stood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulphates  are  in  several  cases  closely 
isomorphous;  further,  tne  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeS,,  FeAsS,  FeAs,,  etc.,  with  PtAs, 
and  probably  BnS,. 

440.  Combining  Weight. — Chemical  investigation  proves  that  tlie  mass  of 
a  given  element  entering  into  a  compound  is  always  proportional  either  to  its 
atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic  weight  is  hence 
also  called  the  cwnbining  weight.  Thus  in  rock  salt,  sodium  chloride,  the 
masses  involved  of  sodinin  and  chlorine  present  are  found  by  analysis  to  be 

anal  to  39*4  and  60*6  in  100  parts,  and  these  numbers  arc  in  proportion  to 
;  35*4,  fhe  atomic  weights  of  sodium  and  chlorine;  hence  it  is  concluded 
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that  one  atom  of  each  is  present  in  the  compound.  The  formula  is^  therefore, 
NaCl.  In  calcium  chloride,  by  the  same  method  the  masses  present  are  found 
to  be  proportional  to  39*9  :  70*8,  that  is,  to  39*9  =  2  X  35*4;  hence  the  formula 
is  CaCl,. 

Still  again,  n  seiies  of  compounds  of  nitrogen  with  oxygen  is  known  in  wiiich  the  ratios 
of  tlie  musses  of  the  two  elements  are  us  follows:  (1)  28:  16,  (2)  14: 16.  (8)  28:48,  (4)  14:32. 
(5)  28 :  80.  It  is  seen  at  once  that  these  must  have  the  formulas  (1)  NtO.  (2)  NO,  (3)  N«Oi» 
(4)  NOa,  (5)  NaOs.  On  the  contrary,  atmospheric  air  which  contains  these  elcmems  iu 
about  the  ratio  of  76*8  to  28  2  cannot  be  a  chemical  compound  of  these  elements,  since 
(aside  from  other  considerations)  these  uumbei-s  are  not  in  the  ratio  of  n  X  14  :  mi  16  where 
n  and  m  are  simple  whole  numbers. 

441.  Molecular  Weight. — The  molecular  weight  is  the  weight  of  the  mole- 
cule of  the  given  substance,  expressed  in  terras  of  the  mass  of  the  hydrogen 
atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  molecule 
can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydrochloric 
acid  (HCl)  is  36*4,  of  water  vapor  (H,0)  it  is  18,  of  hydrogen  sulphide  (H.S) 
it  is  34.  ■ 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity. 
If  the  density  is  referred  to  hydrogen,  whose  molecular  wei|[ht  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
cas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CO,)  is  22, 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cannot 
be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSi,0.  for  albite.  The  sum  of  the  weights  of  the  atoms 
present  is  then  taken  as  the  molecular  weight. 

442.  Valence. — The  valence  of  an  element  is  given  by  the  number  of  its 
atoms  which  are  required  to  unite  with  one  unit  atom,  as  of  hydrogen  or 
chlorine.  Thus,  using  the  examples  of  Art.  440,  in  NaCl,  since  one  atom  of 
sodium  unites  with  one  of  chlorine,  its  valence  is  one;  or  in  other  words,  it  is 
said  to  be  univalent,  and  is  called  a  monad.  Further,  calcium  (as  in  CaCl,), 
also  barium,  etc.,  are  bivalent;  gold  is  (usually)  trivalent;  tin  is  tetravalent, 
etc.  The  valence  may  be  expressed  by  the  number  of  bonds  by  which  one 
element  in  a  compound  is  united  to  another,  thus: 

Na-Cl,  Ba=Cl„  Au=Cl„  Sn=Cl,,  etc. 

The  valences  of  the  common  elements,  expressed  by  their  symbols,  are 
as  follows: 

Univalent:  H,  CI,  Br,  I,  F;  Li,  Na,  K,  Rb,  Cs,  Ag. 

Bivalent:  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Hg,  Cu,  Zn,  Co,  Ni. 

Trivalent :  B,  Au ;  probably  also  Al,  Fe,  Mn,  Cr. 

Tetraralent:  C,  Si,  Ti,  Zr,  Sn. 

Pentacalnit:  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

The  above  list,  though  convenient  for  reference,  is  not  to  be  taken  as  com- 
plete or  final.  A  considerable  number  of  the  elements  show  a  different  valence 
indifferent  compounds.  Thus  both  Sb^O,  and  Sb^O^  are  known;  also  FoS, 
Fe.O,  and  FeS,;  Cu.Cl,,  CuCl,,  and  similarly  Cu,S(Cu,0)  and  CnS(CnO), 
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etc.  In  certain  cases  the  composition  of  two  compounds  of  the  same  elements 
may  be  made  consistent  with  each  other^  by  an  assumption  as  to  the  possible 
grouping  of  the  atoms.  Thus  in  cupric  chloride,  CuCl,,  or  cupric  oxide,  CuO, 
copper  is  bivalent  as  usual.  But  the  cuprous  compounds,  Cu,Cl,  and  Cu,0, 
also  occur,  and  for  them  the  formulas  may  be  written 

Cl-Cu-Cu-Cl        and        (Cu-Cu)=0. 

Again,  the  elements  Al,  Fe,  Mn,  Cr,  which  form  the  compounds  AlCl,,  A1,0„ 
etc.,  are  sometimes  called  tetravalent  and  the  formula  of  the  oxide  written,  for 
example,  (A1  =  A1)  =  0,, 

443.  Chemical  Eeactions. — When  solutions  of  two  chemical  substances  are 
brought  together,  in  many  cases  they  react  upon  each  other  with  the  result  of 
forming  new  compounds  out  of  the  elements  present;  this  phenomenon  is 
called  a  chemical  reaction.  One  of  the  original  substances  may  be  a  gas,  and 
in  many  cases  similar  results  are  obtained  from  a  liquid  and  a  solid,  or  less 
often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
(AgNOJ  react  on  each  other  and  yield  silver  chloride  (AgCh  and  sodium 
nitrate  (NaNO,).     This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNO,  =  AgCl  +  NaNO.. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCl)  and  calcium  carbonate  (CaCO,)  yield 
calcium  chloride  (CaCl,)  and  carbonic  acid  (H,CO,);  which  last  breaks  up 
into  water  (H,0)  and  carbon  dioxide  (CO,),  the  last  going  off  as  a  gas  witu 
effervescence.    Hence 

CaCO,  +  2HC1  =  CaCl.  +  H.O  +  CO., 

444.  Badieah,— A  comnound  of  two  or  more  elements  according  to  their 
relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  saturated. 
This  is  true  of  H,0,  or,  as  it  may  be  written,  H— 0— H.  If,  however,  one 
or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
called  a  radical.  Thus  — 0— II,  called  briefly  hydroxyl,  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent;  NH^  is  again  a  univalent 
nidical;  so,  too,  (CaF),  (MeF)  or  (AlO).  Radicals  often  enter  into  a  compound 
like  a  simple  element;  for  example,  in  ammonium  chloride,  NH^Cl,  the 
univalent  radical  NH^  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.  In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
is  hydroxyl  (— 0 — H)  already  defined.  Other  examples  are  (CaF)  in  apatite 
(see  Art.  456),  (MgF)  in  wagnerite,  (AlO)  in  many  basic  silicates,  etc. 

446.  Chemieal  Compound. — A  chemical  compound  is  a  combination  of  two 
or  more  elements  united  by  the  force  of  chemical  attraction.  It  is  always 
true  of  it,  as  before  stated  (Art.  440),  that  the  elements  present  are  combined 
in  the  proportion  of  their  atomic  weights  or  some  simple  multiples  of  these. 
A  substance  which  does  not  satisfy  this  condition  is  not  a  compound,  but  only 
a  mechanical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  orides,  or 
componnas  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
Co.O,  cuprous  oxide  (cuprite);   ZnO,  zinc  oxide  (zincite);   A1,0„  alumina 
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(corundum);  SiiO,,  tin  dioxide  (cassiterite) ;  SiO„  silicon  dioxide  (quartz), 
As,0,,  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  seleuides, 
tellurides,  arsenides,  antimonides,  etc.),  compounds  in  which  sulphur  (selenium, 
tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the  oxides. 
Here  belong  Cu,S,  cuprous  sulphide  (chalcocite) ;  ZnS,  zinc  sulphide  (sphaler- 
ite); PbTe,  lead  telluride  (altaite);  FeS„  iron  disulphide  (pyrite);  Sb,S., 
antimony  trisulphide  (stibnite). 

446.  Acids. — The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  acids,  bases,  and  salts; 
the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
element  (as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining these  elements.  In  them  the  hydrogen  atoms  may  be  replaced  by 
metallic  atoms;  the  result  being  then  the  formation  of  a  salt  (see  Art.  448). 
Acids  in  general  turn  blue  litmus  paper  red  and  have  a  sharp,  sour  taste. 
The  following  are  familiar  examples: 

HCl,  hydrochloric  acid,  H  —  CI. 

HNO, ,  nitric  acid,  (HO)  =  NX),. 

H,CO„  carbonic  acid,       (HO),  =  CO. 

H.SO,,  sulphuric  acid,     (HO),  =  SO,. 

H,SiO.,  metasilicic  acid,  (HO).  =  SiO.     \ 

H,PO„  phosphoric  acid,  (HO),  =  PO.  \ 

H^SiO,,  orthosilicic  acid,  (HO)^  =  Si. 

The  full  explanation  of  the  constitution  of  the  different  acids  requires  a  more 
detailed  discussion  than  is  possible  here.  The  second  series  of  formulas  given 
above  must  serve  as  suggestions  in  this  direction. 

It  is  to  be  noted  that  with  a  given  acid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H^SiO, ,  in  which  the  bonds  of  the  element 
silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one  mole- 
cule of  water,  H,0,  from  this  gives  the  formula  H,SiO,,  or  metasilicic  acid. 

Acids  which,  like  HNO,  ,  contain  one  atom  of  hydrogen  that  may  be 
replaced  by  a  metallic  atom  {e.g„  in  KNO,)  are  called  wonohasic.  If,  as  in 
H,CO,  and  H,SO^,  there  are  two  atoms  {e.g.y  in  CaCO,,  BsiSOJ  the  acids  are 
dibasic.     Similarly  H,PO^  is  fribasic,  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparingly  among  minerals;  B(OH),,  boric  acid  (sassolite),  is  an  illustration. 

447.  Bases. — The  bases,  or  hydroxides  as  they  are  also  called,  are  com- 
pounds which  may  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
and  the  univalent  radical  hydroxyl,  —(OH);  or  in  other  words,  of  an  oxide 
with  water.  Thus  potash,  K,0,  and  water,  H,0,  form  2K(0H),  or  potassium 
hydroxide;  also  CaO  +  H,0  similarly  give  Ca(OH^,  or  calcium  hydroxide. 
In  general,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
pnper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article.  Further,  the  bases  yield  water  on  ignition,  that  is,  at  a 
temperature  sufficiently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(OH),,  magnesium  hydrate  (brucite);  A1(0H)„  aluminiam 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 
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448.  Salts. — A  third  class  of  compounds  are  the  salts;  these  may  be 
refifarded  as  formed  chemically  by  the  reaction  of  a  base  upon  an  acid,  or,  in 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul- 
phuric acid  give  calcium  sulphate  and  water : 


Ca(OH),  +  H.SO,  =  CaSO,  +  2H,0. 


Here  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
said  to  be  neutralized  by  the  base,  calcium  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt,  as 
follows: 

Base,  Ca(OH),;       Acid,  H,SO,;        Salt,  CaSO,. 

Here  it  is  seen  that  a  salt  may  be  simply  described  as  formed  from  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
radical. 

449.  Typical  Salts. — The  commonest  types  of  salts  represented  among 
minerals  are  the  following: 

Chlorides:  salts  of  hydrochloric  acid,  HCl;  as  AgCl,  silver  chloride  (cerar- 
gyrite). 

Nitrates:  salts  of  nitric  acid,  HNO,;  as  KNO„  potassium  nitrate  (niter). 

Carbonates:  salts  of  carbonic  acid,  H,CO,;  as  GaCO,,  calcium  carbonate 
(calcite  and  aragonite). 

Sulphates:  salts  of  sulphuric  acid,  H,SO^;  as  GaSO^,  calcium  sulphate 
(anhydrite). 

Phosphates:  salts  of  phosphoric  acid,  H.POj  as  Ca,(POJ„  calcium  phos- 
phate. 

Silicates :  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H,SiO,;  as  MnSiO,,  manganese  metasilicate 
(rhodonite).  Also  salts  of  orthosilicic  acid,  H^SiO^;  as  Mn,SiO^,  manganese 
orthosilicate  (tephroite). 

Numerous  other  classes  of  salts  are  also  included  among  mineral  species; 
their  composition,  as  well  as  that  of  complex  salts  of  the  above  types,  is 
explained  in  the  descriptive  part  of  this  work. 

450.  Honnal,  Aeid,  and  Basic  Salts— A  neutral  or  normal  snlt  is  one  in 
which  the  basic  element  completely  neutralizes  tiie  acid,  or,  in  other  words, 
one  of  the  type  already  given  as  examples,  in  which  all  the  hydrogen  atoms  of 
the  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K,SO^  is 
normal  potassium  sulphate,  but  HKSO,,  on  the  other  hand,  is  acid  potassium 
sulphate,  since  in  the  acid  H,SO,  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.  Salts  of  this  kind  are  called  acid  salts.  The  formula  in 
such  cases  may  be  written  *  as  if  the  compound  (consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  given.  K,SO^.H,SO^. 

A  basic  salt  is  one  in  which  the  acid  part  of  the  compound  is  not  sufficient 
to  satisfy  all  the  bonds  of  the  base.  Thus  malachite  is  a  basic  salt — basic  car- 
bonate of  copper — its  composition  being  expressed  by  the  formula  Cu,(OH),CO,. 

This  may  be  written  CuCO..Cu(OH)„  or  (Cu,)  ~  V^^.  .    The  majority  of 


*  This  early  fonn  nf  wrltio^  the  composition  explains  the  name  often  given  to  the  com- 
pound, namely.  In  this  case,  '*  bisulphate  of  potash." 
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minerals  consist  not  of  simpio  salts,  as  those  noted  above,  but  of  more  or  less 
complex  double  salts  in  which  several  metallic  elements  are  present.  Thus 
common  grossular  garnet  is  an  orthosilicate  containing  both  calcium  and  alu- 
minium as  bases;  its  formula  is  Ca,Al,(8iOJ,. 

451.  Solpho-salts.— The  salts  tlius  far  spoken  of  are  all  oxygen  salts.  There 
are  also  others,  of  analogous  constitution,  in  which  sulphur  takes  the  place  of 
the  oxygen  ;  they  are  hence  called  sulphO'Salts,  Thus  normal  sulpharsenious 
acid  has  the  formula  H,AsS„  and  the  corresponding  silver  salt  is  Ag,As8,,  the 
mineral  proustite.  Similarly  the  silver  salt  of  the  analogous  antimony  acid  is 
Ag,Sb8,,  the  mineral  pyrargyrite.  From  the  normal  acids  named,  a  series  of 
other  hypothetical  acids  may  be  derived,  as  IIAsS,,  H^As^S.,  etc.;  these  acids 
are  not  known  to  exist,  but  uieir  salts  are  important  minerals.  Thus  ziukenite, 
PbSb^S^,  is  a  salt  of  the  acid  H,SbS«,  and  jamesonite,  Pb,Sb,S^,  of  the  acid 
H,Sb,S.,  etc. 

452.  Water  of  Crystallization. — As  stated  in  Art.  447,  the  hydroxides,  or 
bases  and  further  basic  salts  in  general,  yield  water  when  ignited.  Thus 
calcium  hydroxide  Ca(OH)  breaks  up  on  heating  into  GaO  and  H,0,  as 
expressed  in  the  chemical  equation 

2Ca(0H),  =  2CaO  +  H.O. 

So  also  the  basic  cupric  carbonate,  malachite  (formula  given  in  Art.  450),  yields 
water  on  ignition ;  and  the  same  is  true  of  the  complex  basic  orthosilicates,  like 
zoisite,  whose  formula  is  (HO)Ca,Al,(SiO J,.  It  is  not  to  be  understood,  how- 
ever, in  these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 

On  the  other  hand,  there  are  a  large  number  of  mineral  compounds  which 
yield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaSO,  +  2H,0, 

and  the  molecules  of  water  (2H,0)  are  considered  as  water  of  crystallization. 
So,  too,  in  potash  alum,  KA1(S0,),  +  12H,0,  the  water  is  believed  to  play  the 
same  part. 

453.  Formulas  of  Minerals. — The  strictly  empirical  formula  expresses  the 
kinds  and  numbers  of  atoms  of  the  elements  present  in  the  given  compound, 
without  attemptinpr  to  show  the  way  in  which  it  is  believed  that  the 
atoms  are  combined.  Thus,  in  the  case  of  zoisite  tlie  empirical  formula  is 
IIOa,Al,Si,0,,.  While  not  attempting  to  represent  the  structural  formula 
(which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indicate 
tlie  atoms  which  there  is  reason  to  believe  plav  a  peculiar  relation  to  each  other. 
Thus  the  same  formula  written  (HO)Ca,Al,(SiOJ,  shows  that  it  is  regarded  as 
a  basic  orthosilicate,  in  other  words,  a  basic  salt  of  orthosilicic  acid,  H.SiO.. 

Aorjiin.  the  empirical  formula  of  common  apatite  is  Ca^FP.O.,:  but  if  this  is 
written  ( CaF)Ca.(PO.)„  it  shows  that  it  is  rejrarded  as  a  phosphate  of  the  acid 
II, PO.,  that  is,  II,(PO  J,,  in  which  the  nine  hvdrosen  atoms  are  replaced  by 
four  Ca  atoms  toirether  with  the  univalent  radical  fCaF).  In  another  kind  of 
apatite  the  radical  (CaCl)  enters  in  the  same  wav.  Similarlv  to  this  the  formula 
of  pvromorphite  is  (PbCl)Pb,(PO.)„  of  vanadinite  (PbCl)Pb,(VO.),. 

Further,  it  is  often  convenient  to  emplov  the  method  of  writing  the  formnlaa 
in  vogue  under  the  old  dualistio  system.    For  example. 


GENERAL   PBINCll'LEi)  OF   CHEMISTRY    AS   APPLIED  TO  MINBBALS.       249 

CaO.CO,    for    CaCO,, 
3CaO.Al,0,.3SiO,    for    Ca.Al.Si.O,,, 
3Ag,S.Sb,S,    for    Ag.SbS,,  etc. 

It  18  no  longer  believed,  however,  that  the  molecular  groups  CaO,  A1,0,,  etc., 
actually  exist  in  the  molecule  of  the  substance.  But  in  part  because  these 
gronps  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

454.  Oxygen  Batio. — In  the  case  of  certain  compounds,  more  especially  the 
silicates,  it  is  sometimes  regarded  as  convenient  to  take  note  of  the  oxygen 
ratio,  that  is,  the  ratio  in  the  number  of  oxygen  atoms  combined  with  the 
several  elements,  basic  and  acid.  For  example,  the  formula  for  grossular  garnet 
given  above  is 

Ca,Al,Si,0.,  or  3CaO.Al,0,.3SiO,. 

Here  the  oxygen  atoms  combined  with  the  basic  elements  (calcium  and 
alnmininm)  and  the  acid  element  ^silicon)  are 

3:3:6  or  1:1:2, 

or  again,  for  the  basic  elements  combined, 

3  +  3  :  6  or  1  :  1. 

It  must  be  noted  that  the  oxygen  ratio  is  in  fact  the  ratio  of  the  total  valence 
of  the  elements  of  the  different  groups,  the  valence  being  measured  by  the 
combining  power  with  hydrogen,  while  the  oxygen  ratio  really  notes  the  com- 
bining power  with  oxygen. 

465.  Calonlation  of  a  Formula  from  an  Analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parte  of  the  mineral,  of  either  the  elementa 
themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the  chemical 
analysis.     In  order  to  obtain  the  atomic  proportions  of  the  elements: 

Divide  the  percentages  of  the  elements  by  the  respective  atomic  w^eights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amounts  of  each  by  their 
MOLECULAR  TTEIGHTS;  then  find  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained. 

SxampU, — An  aDalysis  of  bournoDlte  from  Wolfsberg  gave  C.  Bromeis  the  results  under 
(1)  below.  These  percentages  divided  by  the  respective  atomic  weights,  as  indicated,  give  tlie 
numbers  under  (2).  FiuHlly  the  mtio  of  these  numbers  gives  very  nearly  1:8:1:1.  Hence 
the  formula  derived  is  CuPbSbSs.  The  theoretical  values  called  for  by  the  formula  are 
added  under  (4). 

(1)  (2)  (8)  (4) 


Sb 

24  84 -f- 120     =0  208 

1 

24-7 

8 

19-76  -4-  83       =  0-617 

8 

198 

Pb 

42-88  -^  206-4  =  0208 

1 

425 

Cu 

18  00  4-    63  2  =  0  207 

1 

130 

10004  1000 

Second  SxampU. — The  mean  of  two  analyses  of  a  garnet  from  Alaska  gave  Eounizc  tlic 
results  under  (1)  below.  Here  as  usual  the  percentage  amounts  of  the  sevirul  mokcular 
groups  (SiOi.  AltOt.  etc.)  are  given  instead  of  those  of  the  elements.  These  amounts 
divided  by  tlie  respective  molecular  weights  give  the  numbers  under  (2).  In  this  ra^e  the 
amounts  of  the  protoxides  are  taken  together  and  the  ratio  thus  obtained  is  3  09 :  1  :2  92, 
which  corresponds  approximately  to  the  formula  3FeO.Al9Ot.3SiO,,  or  FetAUCSiO^)*.  The 
magnesium  m  tliit  garnet  would  ordinarily  be  explained  by  the  presence  of  the  pyroi)e 
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molecule  (MgBAls[Si04]9)  togelber  with  tbe  simple  almaDdite  molecule  whose  composition 

Is  given  ubove. 

(1)  (2)    .  (8) 

SiO,  39  29  +  60     =  0  655  809 

AUG,  21-70  -I-  102  =  0-212  1 

Fe,0,  tr, 

Ft'O  80  82^71-9  =  0  4291 

MnO  1  -51  -^  70-8  =  0  022  I  ^  -.g  „.g« 

MgO  6  26^40     =0l82r"^^*  ^^ 

CaO  1  99  ^  55  9  =  0  036^ 

100-57 

It  is  necessAry,  when  very  small  qunulities  only  of  certain  elements  (as MnO,  MgO,  CaO 
above)  are  present  to  neglect  them  in  tbe  final  formula,  reckoning  tbem  in  with  tbe  elements 
which  they  replace,  that  is.  with  those  of  the  same  quantivaleuce.  Tbe  degree  of  corre- 
apondence' between  the  analysis  and  the  fornuiln  deduced,  if  the  latter  is  correctly  asaamed, 
depends  entirely  upon  tbe  nccnracy  of  the  former. 

456.  Isomorphism. — Chemical  compounds  which  have  an  analogoas  com- 
position and  a  closely  related  crystalline  form  are  said  to  be  Uomorphous. 
This  phenomenon,  called  isomorphism,  was  first  clearly  brought  out  by  Mit- 
ficherlich. 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  among 
the  minerals  described  in  tne  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  ele- 
ments of  Art.  439,  attention  has  been  called  to  the  prominent  groups  among 
the  elements  which  form  analogous  compounds.  Thus  calcium,  barium,  and 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aiagonite  Group.  Barite  Group. 

CaCO,,  aragonite.  Also        CaSO^,  anhydrite. 

BaCO,,  witherite.  BaSO,,  barite. 

SrCO,,  strontianite.  SrSO^,  celestite. 

PbCO,,  cerussite.  PbSO,,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  The 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  G0°  and  120°,  and  corresponding  to  this 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twiniiing.  The  sulphates  also 
form  a  similar  orthorliombic  series,  and  though  anhydrite  deviates  somewhat 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  ciilciuin,  tnagnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition,  as  shown  in  the  list  of  the  species  of 
the  Calcite  Group  given  on  p.  353.  This  table  brings  out  clearly  the  close 
relation  in  form  bet  we(Mi  the  species  named.  Incidentally,  as  an  example  of 
the  deviation  in  form  sometimes  observed,  it  is  to  be  noticed  that  dolomite 
(and  perhaj>s  others)  are  not  normally  rhonibohodral  like  calcite,  but  belong  to 
the  })henacite  type  (}>.  80). 

'rhis  table  also  illustrates  another  essentiaV  point  in  regard  to  an  isomor- 
phous series,  viz.,  the  presence  of  intermediate  members,  or  isomorphous  mix- 
tures of  tlie  simple  compounds.  These  are  viewed  by  most  authors  as  due  to 
the  presence  of  both  molecules  crystallized  together,  usually  in  a  certain  definite 
ratio.  Thus  in  normal  dolomite,  (CaCO,)  and  (MgCO,)  are  both  present  in  the 
ratio  of  1:1,  and  its  formula  is  CaMg(CO,),  or  CaCO,.MgCO,.  In  roesitite 
(MgCO.)  and  (FeCO,)  are  present  in  the  ratio  of  2  :  1;  its  formala  is 
Mg,Fe(CO,),  or  2MgCO  FeCO,.    If  it  is  not  desired  to  express  the  ratio  of 
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the  elements  present,  it  is  convenient  to  write  the  elements  together  in  a  paren- 
thesis separated  hy  a  comma.  Thns  (Ca,Mg,Fe)CO,  would  mean  a  carbonate 
in  which  calcium,  magnesium,  and  iron  are  all  present. 

The  Apatite  Group  forms  another  valuable  illustration  since  in  it  are 
represented  the  analogous  compounds,  apatite  and  pyromorphite,  both  phos- 
phates, but  respectively  phosphates  of  calcium  and  lead;  also  the  analogous 
lead  compounas  pyromorphite,  mimetite,  and  vanadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (EOl)  or  (EF)  enters  in  the  same  way  (see  Art.  453).  Thus  the 
formulas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows  i 

(CaF)Ca,(PO.)„  (CaCl)Ca,(POJ.,  (PbCl)Pb,(PO,).. 

Some  of  the  more  importnnt  isomorphous  groups  are  mentioned  below.  For  a  discu<«ioiT 
of  tbem,  as  well  as  of  many  others  that  might  be  mentioned  here,  reference  must  be  made 
to  the  descriptive  part  of  this  work. 

Itomeirie  Syttem.—The  Spinel  group,  including  spinel,  MgAlt04 :  also  magnetite., 
chromite,  franKlinite,  gahnite,  etc.  The  Galena  group,  as  galena,  PbS ;  argentite,  Ag«S,. 
etc.    The  Garnet  group,  as  grossularite,  CasAlsSisOis.  etc. 

Tetragonal  8y$Um, — Rutile  group,  including  rutile,  TiOa ;  cassiterile,  8nO«.  The 
Scbeelite  group,  including  scheeflte,  CaW04 ;  stolzite,  PbW04 ;  wulfenite,  PbMoO^. 

Hexagonal  8y§tem, — Apatite  group,  already  mentioned,  including  apatite,  pyromorphite, 
mimetite.  and  vanadinite.    Ck)rundum  group,  corundum,  AI1O9 ;  hematite,  Fe^Ot. 

RhomAohedral  i^tt^m.— Calcite  group,  already  mentioned.    Phenacite  group,  etc. 

Orthorhombie  System. — Aragonue  group,  and  Bnrite  group,  lK)th  mentioned  above. 
Chrrsolite  group.  (Mg,Fe)«Si04 ;  Topaz  group,  etc. 

if&nae/»ni6  ^^ttom.— Copperas  group,  including  melanterite,  FeS04 -f  7  aq;  bieberite, 
Co80«  +  7  aq,  etc.    Pyroxene  and  Amphibole  groups,  and  the  Mica  group. 

Monoclinie  and  Trielinie  Systems, — Feldspar  group. 

457.  Xsomorphous  Mixtures. — It  is  important  to  note  that  the  intermediate 
compounds  in  the  case  of  an  isomorphous  series^  such  as  those  spoken  of  in  the 
preceding  article,  often  show  a  distinct  gradation  in  crystalline  form,  and  more 
particularly  in  physical  characters  (e.^.,  specific  gravity,  optical  properties,  etc.) 
This  is  illustrated  by  the  species  of  the  calcite  group  already  referred  to;  also 
still  more  striking:ly  by  the  group  of  the  trielinie  feldspars  as  fully  discussed 
under  the  description  of  that  group.     See  further  Art.  406. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject, 
which  must  be  briefly  alluded  to  here.  The  trielinie  feldspars  have  been  shown 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying 
proportions: 

Albite,  NaAlSi.O,.  Anorthite,  CaAl,Si,0,. 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  pyroxenes, 
the  scapolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoclinie  orthoclase,  KAlSi,0„  whicli,  thouirli 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
trielinie  species. 

468.  Simorphifm.  Isodiniorphism. — A  chemical  compound,  which  crystal- 
lizes in  two  forms  genetically  distinct,  is  said  to  be  dimorphous;  if  in  three, 
trimorphouSf  or  in  geneml  pleomorphous.  This  phenomenon  is  called  dimor- 
phism or  PLSOXOBPHISM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCO,),  which 
is  dimorpbons:  appearing  as  calcite  and  as  aragonite.     As  calcite  it  crystallizes 
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in  the  rhombohedral  system,  and,  unlike  as  its  many  crystalline  forms  are, 
they  may  be  all  referred  to  the  same  fundamental  rhombonedron,  and,  what  is 
more,  they  have  all  the  same  cleavage  and  the  same  specific  gravity  (2  7),  and, 
of  course,  the  same  optical  characters.  As  aragonitey  calcium  carbonate 
ap])ears  in  orthorhombic  crystals,  whose  optical  characters  are  entirely  differ- 
ent from  those  of  calcite;  moreover,  the  specific  gravity  of  aragonite'  (2*9)  is 
higher  than  that  of  calcite  (2*7). 

Many  other  examples  might  be  given :  Silica  (SiO,)  is  dimorphous;  appear- 
ing as  quartz,  rhombohedral,  6.  =  2*66;  as  tridymite^  hexagonal,  G.  =  2  3,  and 
perhaps  in  other  forms.  Titanium  dioxide  (TiO,)  is  trimorphous,  the  species 
being  called  rut  He,  tetragonal  (d  =  0'6442),  G.  =  4*25;  octahedrite,  tetragonal 
(6  =  I'TrS),  G.  =  3*9;  and  brookiie,  orthorhombic,  G.  =  4'15.  Carbon  appears 
in  two  forms,  in  diamond  and  graphite.  Other  familiar  examples  are  pyrite 
and  marcasite  (FeS,),  sphalerite  and  wurtzite  (ZnS),  etc. 

When  two  or  more  analogous  compounds  are  at  the  same  time  isomorphous 
and  dimorphous,  they  are  said  to  be  iitodifnorplwus,  and  the  phenomenon  is 
called  isoniMORPHiSM.  An  example  of  this  is  given  in  the  Pyrite  and  Mar- 
casite groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group,, 
pyrite,  FeS,.  smaltite,  CoAs, ;  in  the  orthorhombic  Marcasite  Group,  marcas- 
ite, FeS,,  safflorite,  CoAs,,  etc. 

459.  Chemical  and  Microchemical  Analysis. — The  analysis  of  minerals  is  a 
subject  treated  of  in  chemical  works,  and  need  not  be  touched  upon  here 
except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods,  as 
described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
under  the  microsco})e  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Boricky,  Hanshofer,  Behrens, 
Streng,  and  others.  Keference  is  made  to  the  discussion  by  Rosenbasch 
(Mikr.  Phys.,  1892,  p.  259  et  seq,,  also  the  list  of  authors  on  p.  212.) 

460.  Mineral  Synthesis. — The  occurrence  of  certain  mineral  compounds 
(e.g.,  the  chrysolites)  among  the  products  of  metallurgical  furnaces  has  long 
been  noted.  But  it  has  only  been  in  recent  years  that  the  formation  of 
artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
successful,  and  now  it  mav  be  stated  that  the  majority  of  common  minerals — 
quartz,  the  feldspars,  amphibole,  mica,  etc. — have  been  obtained  in  crystallized 
form.  PiVeu  the  diamond  has  been  formed  in  minute  crystals  by  Moissan. 
These  studies  are  obviously  of  great  importance  particularly  as  throwing  light 
upon  the  method  of  formation  of  minerals  in  nature  (e,g.,  the  diamond). 
The  chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  men- 
tioned in  the  Introduction,  p.  4. 

461.  Alteration  of  Minerals.  Psendomorphs. — The  chemical  alteration  of 
mineral  species  under  the  action  of  natural  agencies  is  a  subject  of  great 
importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
oriorinal  composition  into  some  other  equally  definite  «^ompound.  A  crystal- 
lized nineral  which  has  thus  suffered  change  so  that  its  form  no  longer 
belongs  to  its  chemical  com}>osition  has  already  been  defined  (Art.  252,  p.  144) 
as  a  jinpudomorph  It  remains  to  describe  more  fully  the  different  kinds  of 
psendomorphs.     Pseudomorphs  are  classed  under  several  heads: 

1.  Psendomorphs  by  substitution. 

2.  Psendomorphs  by  simple  deposition,  and  either  by  (a)  ineruMiaiian  or 
(6)  imfiUraiioH. 
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3.  Pseadomorphs  by  alteration;  and  these  may  be  altered 
la)  without  a  change  of  composition^  by  paramorphism ; 
h)  by  the  loss  of  an  ingredient; 
,c)  by  the  assumption  of  a  foreign  substance; 
(d)  by  a  partial  exchange  of  constituents. 

1.  The  first  class  of  pseudomorphs,  by  substitution^  embraces  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however, 
any  chemical  reaction  between  the  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
silica.  The  first  step  in  the  process  was  the  filling  of  the  pores^nd  cavities 
by  the  silica  in  solution,  and  then  as  the  woody  fiber  by  gradual  decomposition 
disappeared  the  silica  further  took  its  place.  Other  examples  are  quartz  after 
flnorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase;  native 
copper  after  aragonite,  etc. 

2.  Psendomorphs  by  incrustation  form  a  less  important  class.  Such  are 
the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second, 
BO  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In 
psendomorphs  by  infiltration  a  cavity  made  oy  the  removal  of  a  crystal  has 
been  filled  oy  another  mineral. 

3.  The  third  class  of  psendomorphs,  by  alteration,  includes  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
nuclens  of  the  original  mineral  in  the  center  of  the  altered  crystal — e,g.,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorphis^m — that  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance— is  furnished  by  the  change  of 
aragonite  to  calcite  (both  CaCO,)  at  a  certain  temperature;  also  the  para- 
morphs  of  rutile  after  brookite  (both  TiO,)  from  Magnet  Cove,  Arkansas. 

(b)  An  example  of  the  psendomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  lurnished  by  crystals  of  native  copper  in  the  form 
of  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite — e.g.,  the  familiar  crystals  from 
Chessy^  France — an  instance  is  afforded  of  the  assumption  of  an  ingredient — 
viz.,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

(d)  A  partial  exchange  of  constituents — in  other  words,  a  loss  of  one  and 
gain  of  another — takes  place  in  the  change  of  feldspar  to  kaolin,  in  which  the 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena, 
are  otner  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under  which 
they  have  been  formed.  For  the  literature  of  the  subject  see  the  Introduction, 
p.  3  (Blum,  Bischof,  Both,  etc.).  As  typical  studies  of  special  cases  the 
following  articles  are  referred  to : 

Qmith.    Coninduai.  etc.    Am.  Pbil.  Soc.  Philad.,  13,  861.  1873. 
J.  D.  Daaa.    Serpentine  pseudomorphs,  Tilly  Foster  mine.    Am.  J.  Sc,  8,  871.  1874. 
Brnih  and  Dana.    Spodumene,  etc.,  Brancbville,  Ct.    Am.  J.  So.,  20,  257,  1880. 
Berpentiue  of  Bohemia.    Zs.  Krysu.  6,  321.  1882. 
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CHEMICAL  EXAMINATION  OF  MINERALS. 

462.  The  complete  inyestigation  of  the  chemical  composition  of  a  min- 
eral includes,  first,  the  identification  of  the  elements  present  by  qualitative 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  by 
quantitative  analysis,  from  which  lash  the  formula  can  be  calculated.  Both 
processes  carried  out  in  full  call  for  the  equipment  of  a  chemical  laboratory. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  made 
quickly  and  simply  with  few  conveniences.  The  methods  employed  involve 
either  (a)  the  use  of  acids  or  otlier  reagents  "in  the  wet  way,"  or  (b)  the  use 
of  the  blowpipe,  or  of  both  methods  combined.  Some  practical  instructions 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY. 

463.  Eeagents,  etc — The  most  commonly  employed  chemical  reagents  are 
the  three  mineral  acids,  hydrochloric,  nitric,  and  sulphuric  acids.  To  these  may 
be  added  ammonia,  also  solutions  of  barium  chloride,  silver  nitrate,  ammonium 
molybdate,  ammonium  oxalate;  finally,  distilled  water  in  a  wash-bottle. 

A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  dish 
with  a  handle  called  a  ciisserole;  further,  a  glass  funnel  ana  filter-paper. 
The  Bunsen  gas-burner  (p.  256)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  take  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
and  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 

In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  be 
noted  are:  (I)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  (a)  a  solution  is  obtained  ouietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (/>)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

464.  Solubility. — In  testing  the  degree  of  solubility  hydrochloric  acid  is 
most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  required.  Less 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  trial  is  usually  made  in  a  test-tube,  and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.     In  most  cases  the  heat  of  the  Bunsen  burner  must  be  employed. 

(a)  Many  minerals  are  completely  soluble  without  effervescence ;  among 
these  are  some  of  the  oxides,  as  hematite,  liinonite,  gothite,  etc.;  some  sulphates, 
many  phosphates  and  arsenates,  etc.  Gold  and  platinum  are  soluble  only  in 
aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtaiiied  if  much  iron  is  present;  a  blue  or 
greenish-blue  solution  (turning  deep  blue  on  the  addiiion  of  ammonia  in 
excess)  from  compounds  of  copper;  ])ink  or  pale  rose  from  cobalt,  etc. 

(b)  SolnbiUty  with  effervesrenee  takes  place  when  the  mineral  loses  a 
gaseous  ingredient,  or  when  one  is  generated  by  the  mutual  reaction  of  acid 
and  mineral.  Most  conspiciious  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  gas  carbon  dioxide  (CO,),  though 
some  of  them  only  when  pulverized,  or,  again,  on  the  addition  of  heat.  In 
applying  this  test  dilute  hydrochloric  acid  is  employed. 
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Sulphureted  hydrogen,  or  hydrogen  sulphide  (H,S),  is  evolved  by  some 
sulphides  when  dissolved  in  hydrochloric  acid:  this  is  true  of  sphalerite^ 
stibnite,  etc.     This  gas  is  readily  recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO,)  is  given  off,  in  the  form  of  red  suffocating  fumes, 
by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite,  etc.), 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  insohihle  ingredient  takes  place:  With  many 
silicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
chloric acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness. 
With  a  considerable  number  of  silicates  the  gelatin ization  takes  place  only 
after  ignition;  while  some  others,  which  ordinarily  gelatinize,  are  rendered 
insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  svlphur  takes  place  when 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydrochloric 
acid  with  the  separation  of  the  oxides  of  the  elements  named  (TiO  ,  WO.). 
The  same  is  true  of  salts  of  molybdic  and  vaifiadie  acids,  only  that  here  tne 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (SnO,)  separates  as  a  white  powder.  A  corresponding  reaction  takea 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony. 

Insohihle  Minerals. — A  large  number  of  minerals  are  not  sensibly  attacked 
by  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
Corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
gyrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
pnates,  as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite, 
amblvffonite;  also  the  borate,  boracite. 

4do.  Examination  of  the  Solution.— If  the  mineral  is  difficultly,  or  only 
partially,  soluble,  the  question  as  to  solubility  or  insolubility  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  hj  the  precipitate  yielded,  for  example,  on  the  addition 
of  ammonia  to  the  liquid  filtered  off  from  the  remaining  powder.  The 
further  examination  of  the  solution  yielded,  whether  from  partial  or  complete 
solution,  after  the  separation  by  filtration  of  any  insoluble  residue,  requires 
the  systematic  laboratory  methods  of  qualitative  analysis. 

It  may  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  IS  shown  by  the  precipitation  of  a  heavy  white  powder  of  barium 
sulphate  (BaSOJ  when  barium  chloride  is  added.  The  presence  of  silver  m 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (AeCl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again;  phosphorus  may  be  detected  if  present,  even  in  small  quantity^ 
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in  u  riilric  acid  solution  of  a  mineral  by  the  fine  yellow  powder  which  separates, 
BometimeB  after  standing,  when  ammoDium  molybdate  has  been  added. 


EXAMINATION  BY   MEANS  OF   THE   BLOWPIPE* 

466.  The  use  of  the  blowpipe,  in  skilled  hands,  gives  a  quick  method  of 
obtaining  h  partial  knowledge  of  the  qualitative  composition  of  a  niineral. 
Tlic  appuratus  ntieded  includes  the  following  articles: 

Blowpipe,  lamp,  platinum-pointed  forceps,  platinum  wire,  charcoal,  glass 
tubes;  also  a  small  nammer  with  sharp  edges,  a  steel  anvil  an  inch  or  two 
long,  a  horseshoe  magnet,  a  small  agate  mortar,  a  pair  of  cutting  pliers,  a 
three-cornered  file. 

Further,  test-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boiee  the  fluxes:  borax  (sodium  tetraborate), 
soda  (anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  ealt 
{sofli II m. ammonium  phosphate),  acid  potassium  sulphate  (HKSO  );  also  a 
solution  of  cohalt  nitrate  in  a  dropping  bulb  or  bottle;  further,  the  three  acids 
mentioned  in  Art.  463. 

467.  Blowpipe  and  Lamp.~A  good  form  of  blowpipe  is  shown  in  Fig.  570. 
g,jQ  The  air-chamber,  at  a,  is  e^isential  to  stop  the  condensed 

moisture  of  the  breath,  but  the  tip  (b),  of  platinum  or  of 

T  brass,  though  convenient  is  not  essential,  and  many  will 
prefer  to  do  without  the  mouthpiece  (c). 
The  most  convenient  form  of  lampii  that  furnished 
by  an  ordinary  Bnnsen  gas-burner  f  (Fig,  571),  provided 
with  a  tube,  b,  which  when  iueerted  cuts  off  the  air  supply 
at  a;  the  gas  then  burns  at  the  top  with  the  usual  yellow 
,_,  flame.     This  flame  should  be  one  to 

one  and  a  half  inches  high.  The 
tip  of  the  blowpipe  is  held  near  (or 
just  within  the  name,  see  beyond), 
and  the  air  blown  through  it  causes 
the  flame  to  take  the  shape  shown  in 
Figs.  57a,  574. 

It  is  necessary  to  lesm  to  blow 
continuouslt/,  that  is,  to  keep  up  a 
blast  of  air  from  the  compressed 
reservoir  in  the  mouth-cavity  while 
respiration  is  maintained  through 
the  nose.  To  accomplish  this  suc- 
cessfully and  at  the  same  time  to 
produce  a  clear  flame  without  un- 
necessary fatiguing  effort  calls  for  some  practice. 


*Tlie  siibji'Ct  of  Ihe  1i1<mi>i|ic  nod  iU 
fluduol  will)  wialieg  to  lie  fully  itifuriiieJ 
liislnimciits,  but  also  us  to  nil  llic  valuitlile 
of  miiK'rilg.  should  consiitl  ft  miiniifil  ni 
Mliiemlogy.  wlih  im  IniToiliirllon  on  Blnwpii 


irialetl  very  briefly  Id  tlili  place.  Tlie 
i]y  111  regsrd  lo  llie  use  of  ilie  vitHous 
IB  pmcticully  uwful  In  tlie  tdi-'Ullllcaijoa 
iiibj«:l.  '''lie  Mnnual  of  Delerm  I  native 
AnnlyaU,  bj  Oeorgu  J.  Bruih;  revlacd  am) 


enlarged  by  Siimuel  L.  Peiiflfld  (New  York.  18M|.  is  pirtieiilarly  lo  be  recommeiided. 
Anolber  recent  work  i<  tlic  Mnniial  of  QualilAllve  Blowpipe  Analvala  and  Determlnallve 
Mlucralogy  by  F.  M.  Eiidlidi  (New  Yort,  18B3). 

f  loBtead  o(  tbU,  a  good  stearla  candle  will  answer,  or  an  oil  flame  with  flat  wU^ 
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When  the  tube^  b,  is  removed,  the  gas  burns  with  a  colorless  flame  and  is 
used  for  heating  glass  tubes,  test-tubes,  etc.     An  alcohol  lamp  will 
serve  the  same  purpose. 

468.  Forceps,  wire.— The  forceps  (Fig.  572)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring  strong  enough  to  support 
firmly  the  small  fragment  of  mineral  between  the  platinum  points 
at  d.  The  steel  points  at  the  other  end  are  used  to  pick  up  small 
pieces  of  minerals,  but  must  not  be  inserted  in  the  flame.  Care  mu^t 
be  taken  not  to  injure  the  platinum  bv  allowing  it  to  come  in  contact 
with  the  fused  mineral,  especially  if  this  contains  antimony,  arsenic, 
lead,  etc. 

The  platinum  wire  required  should  be  of  the  size  designated 
No.  27.  A  piece  of  platinum-foil  is  often  useful;  also  a  small 
platinum  spoon. 

469.  CharcoaL — The  charcoal  employed  should  not  snap  and 
should  yield  but  little  ash;  the  kinds  made  from  basswood,  pine  or 
willow  are  best.  It  is  most  conveniently  employed  in  rectangular 
pieces,  say  four  inches  long,  an  inch  wide,  and  three-quarters  of  an 
inch  in  thickness.  The  surface  must  always  be  perfectly  clean 
before  each  trial. 

Instead  of  charcoal  a  support  of  the  metal  aluminium,  as  suggested  by  Ross, 
is  used  by  some  workers  witn  good  results. 

470.  Olaas  Tubes. — The  glass  tubes  should  be  of  rather  hard  glass  and  say 
one*8ixth  to  one-quarter  of  an  inch  in  interior  diameter.  The  smaller  size  is 
suitable  for  the  closed  tubes;  these  are  simply  made  by  heating  a  piece  six 
inches  longin  the  middle  and  then  drawing  the  ends  apart,  the  long  ends  being 
fused  and  pinched  oC  The  larger  size  serves  for  opef^  tubes,  which  may  be 
five  inches  or  so  in  length. 

471.  Blowpipe  Plame. — The  blowpipe  flame,  shown  in  Figs.  573,  574,  con- 
sists of  two  cones:  an  inner  of  a  blue  color,  and  an  outer  cone  which  is  nearly 
invisible.  The  heat  is  most  intense  just  beyond  the  extremity  of  the  blue 
flame,  and  the  mineral  is  held  at  this  point  when  its  fusibility  is  to  be  tested. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.);  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay  This  flame  is 
best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little  in  the  gas 
flame  (see  Fig.  573);  it  should  be  entirely  non-luminous.  The  mineral  is  to 
be  held  at  d. 

The  inner  flame  is  called  the  reducing  flame  (R.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  tlie  gas,  which  at  the  high  tem- 
perature present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 
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it  (at  d)f  or,  in  other  words,  to  reduce  it.  The  best  reducing  flame  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retain 
the  yellow  color  of  the  latter  on  its  upper  edge  (see  Fig.  574). 


258  CHEMICAL  MIKERALOGT. 

472.  Methods  of  Examination. — The  blowpipe  investigation  of  minerals 
includes  their  examination,  (1)  in  the  platinum -pointed  forceps,  (2)  in  the 
closed  and  the  open  tubes,  (3)  on  charcoal  or  other  support,  and  (4)  with  the 
fluxes  on  the  platinum  wire. 

1.  Examination  in  the  Forceps. 

473.  Use  of  the  Forceps. — Platinum-pointed  forceps  are  employed  to  hold 
the  fragment  of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  when 
the  presence  of  a  volatile  ingredient  which  may  gi?e  the  flame  a  characteristic 
color  is  tested  for,  etc. 

The  following  pnictical  points  must  be  regarded  :  (1)  Metallic  minerals,  especially  tliose 
containing  arsenic  or  antimony,  wbicii  wiien  fused  migiit  injure  iLc  platinum,  should  first 
be  examined  on  charcoal*;  (2)  tiie  fragment  taken  should  be  thin,  and  as  smull  as  can  con- 
veniently be  held,  with  its  edge  projectiuff  well  beyond  the  tx)ints ;  (3)  when  decrepitation 
takes  place,  the  heat  must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may 
be  i)owdere<i  and  a  jmste  made  with  water,  tliick  enough  to  be  held  in  the  forceps  or  on  the 
platinum  wire  ;  or  tlie  ptiste  may,  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the 
fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just 
beyond  the  extremity  of  the  blue  cone. 

474.  Fusibility. — All  grades  of  fusibility  exist  among  minerals,  from  those 
which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see  below) 
to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe  flame 
(bronzite);  and  still  again  there  are  a  considerable  number  which  are  entirely 
infusible  (e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom- 
plished (cf.  Art.  413,  p.  232),  and  for  purposes  of  determination  of  species  it  is 
unnecessary.  The  approximate  relative  degree  of  fusibility  is  readily  fixed  by 
referring  the  mineral  to  the  following  scale,  suggested  by  von  Kobell: 

1.  Stibnite.  4.  Actinolite. 

2.  Natrolite.  5.  Orthoelase. 

3.  Almandite  Garnet.  6.  Bronzite. 

475.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena 
may  be  observed  •  (a)  coloration  of  the  flame  (see  Art.  476) ;  {b)  swelling  up 
(stilbite),  or  exfoliation  of  the  mineral  (vermiculite);  or  {c)  glowing  without 
fusion  (calcite);  and  (d)  intumescencey  or  a  spirting  out  of  the  mass  as  it 
fuses  (scapolite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted ;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is  obtained, 
or  »  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not  (due  to 
iron,  less  often  nickel,  cobalt),  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  with 
the  cobalt  solution  and  again  ignited,  in  which  case,  if  it  turns  bUiej  this 
itulicates  the  presence  of  aluminium  (as  with  cyanite,  topaz,  etc.);  but  note 
that  zitic  silicate  (calamine)  also  assumes  a  blue  color.  If  it  becomes  pink,  this 
indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  placed 
upon  ji  strip  of  moistened  turmeric  paper,  in  which  case  an  alkaline  reaction 
proves  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earth, 
calcium,  magnesium,  barium,  strontium. 

*  Arsenic,  antimony,  and  easily  reducible  metids  like  lead,  also  copper,  form  more  or 
less  fusible  alloys  with  plathium. 
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476.  Flame  Coloration  — The  color  often  imparted  to  the  outer  blowpipe 
flame,  while  the  roineral  held  in  the  forceps  h  being  heated,  makes  possible 
the  identification  of  a  number  of  the  elements. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  n re  as  follows: 

Oolc  r.  Substa  _  oe. 

CanntM-red Lithium. 

Purple  red Struutium. 

Orange-red Calcium. 

Telloto So<Uum. 

Tellowiah  green Barium. 

SUkine-green Boron. 

Emeralii-green Oxide  of  copper. 

Bluiefi  green Phosphoric  acid  (phosphates). 

Qreenieh  blue Antimouy. 

Whttiifi  blue Arsenic. 

Azure-Hue Chlonde  of  copper;  also  selenium. 

Violet Putassiuiu. 

A  yellowisb-green  flame  is  also  given   by  the  oxi<le  or  sulphide  of  molybdenum  :  a 
bluish  greeu  flame  (in  streaks)  by  zinc;  a  pale  bluish  flame  by  tellurium;  a  blue  flnnie  by 

leftcl. 

477.  HotM.— The  presence  of  soda,  even  in  small  qnnntiiics,  produces  a  y»  How  flMin*', 
wbich  (except  in  the  spectroscot)e)  more  or  less  crmpletcly  masks  the  coloniiion  of  the 
flame  due  toother  substances,  eg.,  potassium.  The  use  of  a  wedge  of  blue  glass  tiun 
allows  the  characteristic  violet  color  to  be  <»bservc'd.  SSilioiti's  are  often  so  difflcidily 
decomposed  tliat  no  distinct  color  is  obtained  oven  when  the  substance  is  present;  in  such 
cases  (0.^.,  ]H)'ash  feldspar)  the  powdered  mincial  nuiy  le  fused  on  the  platinum  wire  \vi:h 
an  equal  volume  of  gypsum,  when  the  flnnie  can  be  i^oen  (nt  Icnst  through  blue  ghiss). 
Again,  a  silicate  like  tourmaline  fused  wiili  a  mixture  of  flnorite  and  acid  po'assinni 
sulphate  yields  the  characteristic  green  flame  of  boron  Phosphates  and  borates  give  the 
jjrreen  flame  in  general  best  when  they  liave  been  pulveiized  nud  moistened  with  sulphuric 
acid.  Moistening  with  bydn)chloric  acid  makes  the  <oIorntiou  in  many  cases  (as  with  the 
carbonates  of  calcium,  badum,  strontium)  more  distinct. 

2.  Heating  in  the  Closed  and  Open  Tubes. 

478.  The  tubes  are  useful  chiefly  for  examining  minerals  containing 
volatile  ingredients,  given  off  at  the  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  lube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  stages  of 
the  process.  In  the  open  iuhe,  on  the  other  hand,  a  continual  stream  of  hot 
air.  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

479.  ClcMied  Tube. — A  small  fragment  is  inserted,  or  a  small  amount  of 
the  powdered  mineral — in  this  case  witli  care  not  to  soil  the  sides  of  the  tube — 
and  heat  is  applied  by  means  of  the  ordinary  Bunsen  flame.  The  presence  of 
a  volatile  ingredient  is  ordinarily  shown  by  the  deposit,  or  snhUmate,  upon  the 
tube  at  some  distance  above  the  assay  wliere  the  tube  is  relatively  cool. 

Independent  of  this,  other  phenomena  may  be  noted,  namely:  decrepita- 
tion^ as  shown  by  flnorite,  calcite,  etc.;  (jlowingy  as  exhibited  by  ^adolinito; 
pho8phoresceuc$^  oi  "wYnQYi  fluorite  is  an  example;  chmige  of  color  (linionite), 
and  here  the  color  of  the  mineral  should  be  noted  both  when  hot.  and  a<:ain 
after  cooling;  fusion;  giving  off  oxt/gen,  as  mercuric  oxide;  yield  in  «j:  arid  or 
alkaline  vapors^  which  should  be  tested  by  inserting  a  strip  of  n'oistcucd 
litmus  or  tanneric  paper  in  the  tube. 
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Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar: 

Substa  n :  e.  Sub  im Ate  in  the  Cloeed  Tube. 

Water  (H,0) Colorless  liquid  drops. 

Sulpliur  (S) Red  to  deep  yellow,  liquid;  pale  yellow,  solid. 

Tellurium  dioxide  (TeO«) Pule  yellow  to  colorless,  liquid;  colorless  or  white,  solid. 

Arsenic  sulphide  (As98s) Dark  red,  liquid;  reddish  yellow,  solid. 

Antimony  oxysulphide  (SbsSaO)  Bluck  to  reddish  browu  on  cooling,  solid. 

Atseuic  (As) Bluck,  brilliant  metallic  to  gray  crystalline,  solid. 

Mercury  sulphide  (HgS) Deep  bluck,  red  when  rubbed  very  fine. 

Mercury  (Hg) Gray  metallic  globules. 

In  addition  to  the  above:  Tellurium  gives  black  fusible  globules;  seleninm  the  same,  bat 
in  part  dark  red  when  very  small;  the  chloride  of  lead  aud  oxides  of  arsenic  and  antimony 
give  while  solid  sublimates. 

480.  Open  Tube. — The  small  fragment  is  placed  in  the  tube  about  an  inch 
from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not  enough 
to  cause  the  mineral  to  slip  out,  and  heat  applied  beneath.  The  current  of 
air  passing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  sublwiate  and  the  odor  of  the  escaping  gases.  The  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  Fluorides, 
when  heated  in  the  open  tube  with  previously  fused  salt  of  phosphorus,  yield 
liydrofluoric  acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar 
pungent  odor,  and  corrodes  the  glass. 

The  more  important  sublimates  are  as  follows: 

Substmoe.  Sublimate  in  the  Open  Tabe. 

Arsenic  trioxide  (AsjOs)  ....  White,  crystalline,  volatile. 

Antimony  autimonate  (SbjO*)  Straw-yellow,   hot ;   white,    cold.     Tnftisible.   non-volatOe. 

amorphous.     Obtained   from   stibnite,   also  the  sulph- 

antimnnitcs  {e.g.,   bounionite)  as  dense  white    fumes. 

Usually  accompnuied  by  the  following: 
Antimony  trioxide  (Sb,0>). ..  White,  crystalline,  slowly  volatile.     From  native  antimony 

and  compounds  not  containing  sulphur.* 
Ttlluiium  dioxide  (TeO,). . . .  White  to  pale  yellow  globules. 

Selenium  dioxide  (SeOa) White,  crystalline,  volatile. 

M»)lybdenum  trioxide  (MoOs)  Pale  yellow,  hot;  white,  cold. 

Merctiry  (Hg) Gray  metallic  globules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation  siibll- 
mates,  like  those  of  the  closetl  tubes,  may  be  formed,  especially  with  sulphur  (yellow^  arsenic 
(black),  arsenic  sulphide  (orange),  mercury  sulphide  (black),  antimony  oxysulphide  (black 
to  reddish  brown). 

3.  Heatixo  ox  Charcoal. 

481.  The  fragment  (or  powder)  to  be  examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  passes  along  its  length:  a  sliirht 
ridge  to  prevent  the  mineral  being  blown  off  is  sometimes  nsefui.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  reduce  a  metal  (e.a  ^ 
silver. copper)  from  its  ores:  this  is  the  common  case.     If,  however,  the  mineroi 

*  The  distinction  here  made  is  important;  cf.  Penfield,  revised  edition  of  Brash'ft  TUum^ 
alnatlTe  Mineralogy.  1  R0«  ^  •  ^^^ 
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is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and 
volatilize,  for  example,  the  sulphur,  arsenic,  antimony  present,  the  oxidizing 
flame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 
The  points  to  be  noted  are  as  follows: 

(a)  The  odot*  given  off  after  short  heating.  In  this  v^ftj  the  presence  of 
sulphur,  arsenic  (garlic  or  alliaceous  odor),  and  selenium  (odor  of  decayed 
horseradish)  may  be  recognized. 

(b)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium.     (Art.  484.) 

(d)  The  Sublimate. — By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N)  and 
at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 

8ubstano3.  Su  limate  on  Charcoal. 

Araeuic  trioxide  (AstOs) White,    very  volatile,  distuut  from  the  assay;  also 

garlic  fumes. 

Antimony  oxides  (SbtOs  and  8btO«)  Dense  white,  volatile;  forms  near  the  assay. 

Zinc  oxide  (ZnO) Canary- vellow,    hot ;    white,   cold :    moistened    with 

cobalt  nitrate  and  ignited  (O.F.)  becomes  green. 

Molybdenum  trioxide  (MoOi) Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

with  the  R.  F.  becomes  azure-blue.  Also  a  copper- 
red  sublimate  (MoOs)  uear  the  assay. 

Lead  oxide  (PbO) Dark  yellow,   hot;    pale  yellow,  cold.     Also  (from 

sulphides)  dense  white  fresembling  antimony),  a 
mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 

Bismuth  trioxide  (Bi«Os) Dark  orange-yellow  tN),  paler  ou  cooling;  also  bluish 

white  (D).     See  further,  p.  265. 

Cadmium  oxide  (CdO) Nearly  blnck  to  reddish  brown  (N)  and  orange  yellow 

(D);  often  iridescent. 

To  the  above  are  also  to  be  added  the  following;: 

8e1eninm  dioxide  SeO«.  sublimate  steel-gmv  (N)  to  white  tinged  with  red  (D);  touched 
with  R.F.  gives  an  azure-blue  flame;  also  an  offensive  selenium  odor. 

Tellurium  dioxide,  TeOt,  sublimate  dense  white  (N)  to  gray  (D);  in  R  F.  volatilizes 
with  fijeen  flame. 

Tin  dioxide.  SnOa.  sublimate  faint  yellow  hot  to  white  cold;  becomes  bluish  green 
when  moistened  with  cobalt  solution  nnd  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish. 

(e)  Tlie  Infusible  Residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
catins^  the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or  tin. 
(2)  It  may  give  an  alicaline  reaction  after  ignition:  alkaline  earths.  (3)  It 
mav  be  magnetic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  yield 
a  globule  or  mass  of  a  metal  (Art.  482). 

482.  Reduction  on  Charcoal. — In  many  cases  the  reducing  flame  alone 
snffif^es  on  charcoal  to  separate  the  metal  from  the  volatile  element  present, 
with  the  result  of  giving  a  globule  or  metallic  mass.  Thus  silver  is  obtained 
from  argentite  (Ae,S)  and  cerargyrite  (AgCl^;  copper  from  chalcocite  (Ca„S) 
and  cuprite  (Cu.O),etc.  The  process  of  reduction  is  always  facilitated  by  (lie 
nse  of  soda  as  a  flux,  and  this  is  in  many  cuses  (snlpharsenitcs.  etc.)  essential. 

The  finely  pulverized  mineral  is  intimatelv  mixed  with  soda,  and  a  drop  of 
water  added  to  form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and 
subjected  to  a  strong  reducing  flame.  More  soda  is  added  as  that  present 
sinks  into  the  coal,  and,  after  the  process  has  been  continued  some  time,  a 
metallic  globule  is  often  visible,  or  a  number  of  them,  which  can  be  removed 
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anJ  soparatelj  examined.  If  not  distinct,  the  remainder  of  the  flax,  the  assay, 
a:.<i  the  surrounding  coal  are  cut  out  with  a  knife,  and  the  whole  ground  ii'p 
in  a  mortar,  with  the  addition  of  a  little  water.  The  charcoal  is  carefnlk 
w:i»::ei  away  aiiJ  the  nietallio  globule^,  flattened  out  by  the  process,  remain 
b<irh:r:d.  Sjuie  metallic  oxides  are  very  readily  reduced,  as  lead,  while  others, 
as  >:op:>er  a:: J  tin,  require  considerable  skill  and  care. 

'rhe  mt^rals  obtained  (in  globules  or  as  a  metallic  mass)  may  be:  iVon, 
tiicx'iL  or  cob'f.U,  Tec-ognized  by  their  being  attracted  by  the  magnet:  cop}»ei\ 
color  rei:  hiftnuth,  lead-gray,  brittle;  ii*Ad,  yellow,  not  soluble  in  nitric  acid; 
S']y^i',  wiiite.  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipi:a:e  ip. 'JOoi;  /»'/<,  white,  harder  than  silver,  soluble  in  nitric  acid  with 
eeparati'ju  of  white  j^wder  iSnOj:  Uod.  lead-gray  (oxidizing),  soft  and 
fu^i^ie.  The  coatings  (see  the  list  of  sublimates  above)  often  serve  to  identify 
the  metal  present. 

The  metals  obtained  may  be  also  tested  with  borax  on  the  platinum  wire. 

483.  Detection  of  Solphiir  in  Snlphatei.— By  means  of  soda  on  charcoal 
the  T»re=ence  of  ^rJj'hur  in  the  sulphates  may  be  shown,  though  thev  do  not 
\\f-V\  it  upon  *ir.:!ile  heating.  AVlien  soda  is  fused  on  charcoal  with  a  com- 
pound of  sulpiiur  (sulphide  or  sulphate),  sodium  sulphide  is  formed,  and  if 
murh  sulphur  i-s  present  the  maas  will  have  the  hfjHtr  (liver-brown)  color.  In 
any  case  the  presence  of  the  sulphur  is  shown  by  placing  the  fused  mass  on  a 
L-lean  surface  of  silver,  and  aJiiir.g  a  drop  of  water ;  a  black  or  yellow  stain 
of  silver  sulphide  will  be  formed.  Ilhiininaiiiig  gas  often  contains  sulphur, 
and  iience.  when  it  is  used,  the  soda  slitiuld  be  first  tried  alone  on  charci  a1, 
and  if  a  sulphur  reaction  is  obtaineil  (due  to  the  gfis),  a  candle  or  lamp  must 
be  emjiloyed  in  the  plac»*  of  the  gas 

484.  It  i.-j  also  u.st'ful  in  ilio  ease  of  mai  y  minerals  to  test  their  fusibility 
or  in  fusibility  with  soda,  ireneraily  on  tlie  platinum  wire.  Silica  forms  if  not 
in  excess  a  r-lear  ^rlas.s  with  soda.  >•»  also  titai.ir  acid.  Salts  of  barium  and 
fitrontiuni  are  fusible  witli  s*-.  ia.  i^ut  tht*  n.ass  is  absorbed  bv  the  coal.  Manv 
siii^at'r-,  thriUL'h  alone  dit!i«.-r.i:ly  fusible,  dissolve  in  a  little  soda  to  a  clear 
glasr-,  but  wi'h  more  soda  they  '.rni  an  infusible  mass.  Manganese,  when 
present  even  in  minute  qmiiitities.  .L'iu-s  a  bluisii-green  color  to  the  soda  bead. 

4.  Tkeatment  <»n'  the  Platinl'm  Wire. 

485.  Use  of  the  Fluxes. — Tiio  tnno  » •.n.inon  fluxes  are  borax,  salt  of 
rt'i'.-r^i'-.orii.*.  :ii.d  ■•  :«r'.OT;a'i*  -f  .-'"hi  (n.  0ri4»  Thev  art-  srenenillv  used  with  the 
j'!a*.!:;'.nn  w ::•♦•.  1.*-=  i.f^en  0!i  ':i.arL-"al  Ut-o  i-.  '1*0-,  If  the  wire  is  employed  it 
i\'.'\<  iiuve  a  -iiiu.!  1  •.■]•  at  t:.v  ••'.'!:  :]:is  i>  li».-a!e<i  to  redness  and  dipped  into 
ti.-  I'l'.v-b  >• :  :!:i.\.  ;•.!  i  the  hi-.^it::  j  !'ai:i«lf>  fused  to  a  l»ead:  this  operation 
i-;  :•■:■••;;•'•  :  i::.::I  :•;•.'  !-'"i»  is  iliA-'i.  S..?iio:::!ie?  i!i  the  use  of  soda  the  wire  may 
a*,  li:-"  b'/  ]t^'i>*--:.'"i  a  lirtio  r  •  rav'.>e  ir  ■'■  a«rnore. 

W.  .-:.  ':.v  '.i.-a.;  is  rf:i«:y  ir  is.  viii'-  j.«^:.  :y"ii::Ii:  in  contact  with  the  pow- 
•bp' 1  ii.iv'Vtl.  s  Mn».-  if  wni.-li  will  adiie^v  :••  ir.  and  tiien  tlie  heating  process 
n.ay  be  •■.■:.:::.'.:••■:.  Very  ii*r]e  «'f  Xiw  iniv.eral  i>  i!i  jreneral  required,  and  the 
ex:'"ri:iiv!:t  -b<-',M  }.♦•  o«-»nim»"-T  .f-]  wir]i  a  Tv.i!;i;:»'  qiiai.Tity  and  more  added  if 
I,.,  -.'i^arv.  Til'-  bead  must  be  l.-a:!'-:  suoi't-ssivr-v  tirst  m  the  oxidizing  flume 
(U.K. I  and  Then  in  the  rfiu'^inL'  llnnir  (K.F. ',  ar.il  in  <'aoh  case  the  color  noted 
wiit*n  h"f  and  when  r'l?./.  The  piicnoinena  coniiected  with  fusion,  if  it  takea 
place,  must  also  be  observed. 

3IiiK'ral<  containing  sulphur  or  ar^enio.  or  both,  must  be  first  raojfnf  (see  p.  281)  till 
tbese  substances  have  been  vulatilized.     If  too  much  of  the  mineral  has  been  added  and  the 
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bead  is  hence  too  opaque  to  show  the  color,  it  may,  while  hot,  he  flattened  out  with  the 
hammer,  or  drawn  out  into  a  wire,  or  part  of  it  may  he  removed  and  tlie  remainder  diluted 
with  more  of  the  Aux. 

With  salt  of  phosphorus,  the  wire  should  be  held  above  the  flame  so  that  the  escaping 
gases  may  support  tbe  bead;  this  is  continued  till  quiet  fusion  is  attained. 

It  is  to  be  noted  tliat  tbe  colors  yary  much  with  the  amount  of  material  present;  they 
are  also  modified  by  the  presence  of  other  metals. 

486.  Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (R.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  tbe  colors  are  due.  Com- 
pare further  the  reactions  given  in  the  list  of  elements  (Art.  488). 

Color  in  Borax  Bead.  Bubstance. 

1.  Oxidizing  Flame. 

Colorless,  or  opaque  white. . .  Silica,  calcium,  aluminium;  also  silver,  zinc,  etc 

Iron,  cold— (pule  yellow,  hot,  if  in  small  amount). 

Red,  red-brown  to  brown. . . .  Chromium  (CrOj),  hot— (yellowish  green,  cold). 

Manganese  (MiiaOi),  amethystine-red— (violet,  hot). 
Iron  (FeaOs),  hot — (yellow,  cold)— if  saturated. 
Nickel  (NiO),  red-brown  to  browu,  cold — (violet,  hot). 
Uranium  (UOs).  hot— (yellow,  cold). 

Qreen Copper  (CuO),  hot^blue,  cold,  or  bluish  green  if  highly 

saturated). 
Chromium  (CrO«),  yellowish  green,  cold— (red,  hot). 

Yellow Iron  (FcaOa),   hot— (pale   yellow  to  colorless,    cold)— but 

red-brown  and  yellow  if  saturated. 
Uranium  (UOs).  hot,  if  in  small  amount;  paler  on  cooling. 
Chromium  (CrOs),  hot  and   in   small  amount — (yellowish 
green,  cold). 

Bine Cobalt  (CoO),  hot  and  cold. 

Copper  (CuO),  cold  if  highly  saturated — (green,  hot). 

Violet Nickel  (NiO).  hot— (red-brown,  cold). 

Manganese  (MutOs),  hot— (amethystine-red,  cold). 

2.  Rbducino  Flame  (R  F.). 

Colorless Manganese  (MnO),  or  a  faint  rose  color. 

Red Copper  (Cu^O,  with  Cu),  opaque  red. 

Qreen Iron  (FeO),  bottle-green. 

Chromium  (Cr^Os),  emerald -green. 

Uranium  (UaOs).  yellowish  green  if  saturated. 

Blue « Cobalt  (CoO),  hot  and  cold. 

Gray,  turbid Nickel  (Ni). 

487.  Salt  of  Phosphonu.— -This  flux  gives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate  are 
dissoWed,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  slceleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 

Color.  Substance. 

Red • Chromium  in  O.F.,  hot — (fine  green  when  cold). 

Green ••••  Chromium  in  O.F.  and  R.F.,  when  cold'(red  in  O.F.,  hot). 

Molybdenum  in  R.F.,  dirty  green,  hot;  fine  green,  cold — (yellow-green 

in  O.F.). 
Uranium  in  R.F.,  cold;  yellow.green,  hot. 
Yanadium,  chrome-green  in  R.F..  cold— (brownish  red,  hot).    In  O.F. 

dark  yellow,  hot,  paler  on  cooling. 
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Color.  Substance. 

Yellow Molybdenam,  yellowish  green  iu  O.F.,  hot,  paler  on  cooliDg^(iu  RF., 

dirty  green,  hot;  fine  green,  cold). 
Uranium  in  O.F..  hot;  yellowish  gieen,  cold^in  R.F.,  yellowish  green, 

hot;  green,  cold). 
Vanadium  in  O.F.,   dark  yellow,  hot,   paler  on    cooling — (In  RF., 
brownish  red,  hot;  chrome-green,  cold). 

Violet Titanium  (TiO,)  iu  RF.,  yellow,  hot.     (Also In  O.F.  yellow,  hot;  color- 
less, cold.) 

Chabactebistic  Eeactions  of  the  Important  Elements  and  of  some 

OF  theib  Compounds. 

488.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  dif- 
ferent elements  and  their  oxides.  It  is  desirable  for  every  student  to  gain 
familiarity  with  them  by  trial  with  as  many  minerals  as  possible.  Many  of 
them  have  already  been  briefly  mentioned  in  the  preceding  pages.  For  a 
thoroughly  full  description  of  these  and  other  characteristic  tests  (blowpipe 
and  otherwise)  reference  should  be  made  to  the  volume  by  Brush  and  Penfield 
referred  to  on  p.  256. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  may 
be  perfectly  distinct  if  alone,  the  presence  of  other  substances  may  more  or 
less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised,  to  overcome  the  difliculty  arising  from  this  cause. 
These  will  be  gathered  from  the  **  pyrognostic  characters'*  (Pyr.)  given  in  con- 
nection with  the  description  of  each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reactions.* 
The  methods,  however,  require  for  the  most  part  so  much  detailed  explana- 
tion, that  it  is  only  possible  here  to  make  this  general  reference  to  the  subject. 

Aluminium. — The  presence  of  nluniiuium  in  most  infusible  minerals,  containing  n  con- 
sidemble  amount,  may  be  detecled  by  Ibe  blue  color  which  they  assume  when,  after  being 
heated,  they  are  moistened  with  cobalt  solution  and  again  ignited  {e.g,,  cyanite,  andalusite, 
etc.).  Very  hard  minerals  (as  corundum)  must  be  first  finely  pulverized.  The  test  is  not 
conclusive  with  fusible  minerals  since  a  glass  colored  blue  by  cobalt  oxide  mny  be  formed. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  when 
treated  with  cobalt  nitrate. 

Antimony. — Antimonial  minerals  roasted  on  charcoal  give  dense  white  Inodorous  fumes; 
metallic  antimony  and  its  sulphur  compounds  give  in  the  open  tube  a  white  sublimate  of 
oxide  of  antimony  (see  p.  260).  Antimony  sulphide  (stibnite),  also  many  sulphanUmonites, 
give  in  a  strong  heat  in  the  closed  tube  a  sublimate  of  antimony  ozj'sulphiae,  black  when 
hot,  brown-red  when  cold.     See  also  p.  260. 

In  nitric  acid,  compounds  containing  antimony  deposit  white  insoluble  metantimonic 
acid. 

Arsenic. — Arsenides,  sulpharscnites,  etc.,  give  off  fumes  when  roasted  on  charcoal, 
usually  easily  recognized  by  their  peculiar  garlic  odor.  In  the  open  tul)e  they  give  a  white, 
volatile.  cry.<«talline  sublimate  of  arsenic  trioxide.  In  the  closed  tube  arsenic  8u1phi<ie 
gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish  yellow  when  cold;  arsenic 
and  some  arsenides  yield  a  black  mirror  of  metallic  arsenic  in  the  closed  tube.  In  arsenates 
the  arsenic  can  be  detected  by  the  erarlic  odor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carbonate  is  heated  (R  F.)  on  charcoal. 

Barium. — A  yellowish-green  coloration  of  the  flame  is  given  by  all  barium  salts,  except 
the  silicates;  an  alkaline  reaction  is  usually  obtained  after  intense  ignition. 


*  Flammenreactionen.  Lieb.  A^.,  138,  257,  1866,  or  Phil.  Mag.,  32.  81.  1806. 
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In  solution  the  presence  of  barium  is  prored  by  the  heayy  white  precipitate  (BaS04) 
formed  upon  the  addition  of  dilute  sulphuric  acid. 

BiimtUh.^On  charcoal  alone,  or  better  with  soda,  bismuth  gives  a  very  characteristic 
orange-yellow  sublimate;  brittle  globules  of  the  reduced  metal  are  also  obtained  (with 
soda).  Also  when  treated  with  8  or  4  times  the  volume  of  a  mixture  in  equal  parts  of 
potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth 
iodide  is  obtained;  near  the  mineral  the  coating  is  yellow. 

Boron.^yiiiny  compounds  contaiuing  borou  (borates,  also  the  silicates  datolite.  danbur- 
ite.  etc.)  tiuge  the  flame  intense  yellowish  green,  especially  if  moistened  with  sulphuric 
acid.  For  some  silicates  (as  tourmaline)  the  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  fluorite  and  two  parts  potassium  bisulphate.  The  mixture  is 
moistened  and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color  ap|)ears, 
but  lasts  but  a  moment. 

A  dilute  hydrochloric  acid  solution  conta^i^tng  boron  gives  a  reddish-brown  color  to 
turmeric  paper  which  has  been  moistened  with  it  and  then  dried  at  100**;  the  color  changes 
lo  black  when  ammonia  is  poured  on  the  paper. 

Calcium, — Many  calcium  minerals  (carbonates,  sulphates,  etc.)  give  an  alkaline  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowish-red  color  is  given  to  the  fliame  by  some 
compounds  {e.g,,  calcite  after  moistening  with  HCl);  the  strontium  flame  is  a  much  deeper 
red. 

In  solutions  (not  too  acid)  calcium  is  precipitated  as  oxalate  by  the  addition  of  ammonium 
oxalate. 

Cadmium. — On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  the  reddish-brown  oxide. 

Curbonatss, — All  carbonates  effervesce  with  dilute  hydrochloric  acid,  yielding  the  odor- 
less gas  C0«  {e.g.,  calcite);  many  require  to  be  pulverized,  and  some  need  the  addition  of 
ketii  (dolomite,  siderite).     Carbonates  of  lead  should  be  tested  witli  nitric  ucid. 

Cfilorides. — If  a  small  portion  of  a  mineral  containing  chlorine  (a  chloride,  also  pyro- 
morphite,  etc.)  is  added  to  the  bead  of  salt  of  phosphorus,  saturated  with  copper  oxide,  the 
bead  when  heated  is  instantly  surrounded  with  an  intense  purplish  flame  of  copper  chloride. 

In  solution  chlorine  gives  with  silver  nitrate  a  white  curdy  precipitate  of  silver  chloride, 
which  darkens  in  color  on  exposure  to  the  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
io  in  ammonia. 

Chromium. — Chromium  eives  with  l)orax  a  bead  which  (O.F.)  is  yellow  to  red  (hot) and 
yellowish  men  (cold)  and  R.F.  a  fine  emerald -green.  With  salt  of  phosphorus  in  O.F. 
the  bead  is  dirty  green  (hot)  and  clear  green  (cold);  in  R.F.  the  same.  Cf.  Vanadium 
beyond  (also  p.  268). 

Cobalt. — A  beautiful  blue  bead  is  obtained  with  borax  in  both  flames  from  minerals 
containing  cobalt:  the  color  may  be  obscured  by  considerable  iron  or  nickel  unless  these 
are  first  oxidized  off  (p.  182).  Where  sulphur  or  arsenic  is  present  the  mineral  should 
first  be  thoroughly  roasted  on  charcoal. 

Copper. — On  charcoal,  at  least  with  soda,  metallic  copper  can  be  reduced  from  most  of 
its  compounds.  With  borax  it  gives  (O.F.)  a  green  bead  when  hot.  becoming  blue  when 
cold;  also  (R.F.),  if  saturated,  an  opaque  red  bead  containing  CuaO  and  often  Cu  is 
obtained. 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces  a  green  pre- 
cipitate in  the  solution,  which  is  dissolved  when  an  excess  is  added,  the  solution  taking  an 
intense  blue  color. 

Fluorine. — Heated  in  the  closed  tube  many  fluorides  give  off  fumes  of  hydrofluoric  acid, 
which  react  acid  with  test-paper  and  etch  the  glass.  Sometimes  potassium  bisulphate  must 
be  added  (see  also  p.  260). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  many  compounds  {eg.. 
fluorite)  give  off  hydrofluoric  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placed 
over  it  which  has  been  coated  with  wax  and  then  scratched. 

Iron. — With  borax  iron  pives  a  bead  (O.F.)  which  is  yellow  to  brownish  red  Caccordinc: 
to  quantity)  while  hot,  but  is  colorless  to  yellow  on  coolinc:;  R.F.  becomes  bottle-green 
(see  p.  268).  Minerals  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame. 

Tjead. — With  soda  on  charcoal  a  malleable  globule  of  metallic  lead  is  obtained  from  lead 
compounds;  the  coating  has  a  yellow  color  near  the  assay;  the  sulphide  jgives  also  a  white 
coating  (PblBOs)  farther  off  (p.  261).  On  being  touched  with  the  reducing  flame  the  coat- 
ing dinppears,  tinseing  the  flame  azure-blue. 

In  aolutioiit  dUnte  aulphnric  acid  gives  a  white  precipitate  of  lead  sulphate;  when 
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delicacy  is  rcqiiireci  an  excess  of  the  acid  is  added,  the  soluliou  cyaporated  to  dryness,  and 
\vuU.'r  udiled;  the  lead  sulphaic,  if  presoDt,  will  then  be  left  as  a  reMdiie. 

Lithium  — Lithium  gives  an  intense  cariniiie-red  to  the  outer  dame,  the  color  somewhat 
lesemblin*;  that  of  the  slruntium  flame  but  is  deeper;  in  very  small  quaotitit-s  it  is  evideut 
in  tiie  8|)ectn)bCope. 

Ma{/neifiurn. — Moistened,  after  heating,  with  cobalt  nitrate  and  again  ignited,  a  piok 
color  is  obtained  from  some  infusible  coni|)ounds  of  magnesium  {e.g.,  bnicitc). 

Mnnyai  ejtr. — With  borax  manganese  gives  a  bead  violet-red  (O.F.),  and  colorless  (R.F.)- 
With  soda  (O.F.)  it  gives  a  bluish-green  bead;  this  reaction  is  very  delicate  and  luay  he 
relied  upon,  even  in  presence  of  almost  any  other  metal. 

Afeieury.— In  the  closed  tube  a  sublinmte  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  with  dry  sodium  carbonate.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusierless  sublimate  of  HgS.  red  wheo 
rubbed,  is  obtiiine<i. 

Molybdenum. — On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper-red 
stain  (O.F.),  and  beyond  a  white  coating  of  the  oxide;  the  former  becomes  azure-blue  when 
for  a  moment  touched  with  the  U.F.  The  salt  of  phosphorus  bead  (O.F.)  is  yellowish 
green  (liot)  and  nearly  colorless  (cold);  also  (R.F.)  a  line  green. 

AtVA:^/.— With  lx)rax.  nickel  oxide  gives  a  bead  which  (OF.)  is  violet  when  hot  and 
redbrown  on  cooling:  (U.F.)  the  glass  l>ecomes  gray  and  turbid  from  the  separation  of 
metallic  nickel. 

Mifjbium  (Columbium). — An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

Nttratts. — These  detonate  when  heated  on  charcoal.  Heated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NO9). 

P/itMtphftriis.  —Most  phosphates  impart  a  gt een  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
the  prcHcuce  of  other  coloring  agents.  If  they  arc  used  in  the  closed  tube  with  a  fnigmcnt 
of  metallic  mngncHiuin  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydrogen  is  given  off,  recognizable  by  its  disagreeable  o<lor. 

A  few  drops  of  a  nitric  acid  solution,  containing  phosphoric  acid,  pnxluces  in  a  solu- 
tion of  ammonium  molybdate  a  ])ulverulent  yellow  precipitate  of  ammonium  phospho- 
molybdate 

PotnuHum. — Potash  iin))urts  a  violet  color  to  the  flame  when  alone.  It  is  best  detectrd 
in  small  (pnintities,  or  when  soda  or  liihia  is  present,  by  the  aid  of  the  spectroscope.  See 
also  |).  259. 

SfUnium. — On  charcoal  selenium  fuses  easily,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  (Mlor;  the  sublimate  on  charcoal  is  volatile,  and  when  heated  (Ii.F.) 
gives  a  tine  azure-blue  flame. 

Silicon. — A  small  fragment  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  flne  powder  is  fused  with  sodium  carbonate  and  the  mass  then  dissolved 
in  hvdroc'iloric  acid  and  ev.'iporated  t<>  dryness,  the  silica  is  made  insoluble,  and  when 
strong  hydrochloric  acid  is  added  and  then  water,  the  bases  arc  dissolved  and  the  silicti  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
chloric acid,  the  silica  separating  as  a  I'owder  or,  after  cvapomtion,  as  a  jellv  (see  p.  255). 

SilvtT. — On  charcoal  in  O.F.  silver  gives  a  brown  coaling.  A  globule  of  metallic  silver 
!nay  generally  be  obtained  by  heating  on  charcoal  in  O.F..  especially  if  soda  is  addul. 
Under  some  circumstances  it  is  desirable  to  have  recour.<ie  to  cnpellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  This  precipitate  is  insoluble  in  acid  or  water,  but 
entirely 'so  in  ammonia.     It  changes  color  on  exposure  to  the  light. 

Strontium.— CoiniHmm\»  of  strontium  are  usually  recognized  by  the  fine  crimson-red 
which  the}' give  to  the  blowpipe  flame;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf.  barium.) 

Smlium. — Compounds  containing  .sodium  in  large  amount  give  a  strong  yellow  flame. 

Sulphur,  Sulphide*,  Sulphuies.— In  the  dosed  tube  some  sulphides  give  off  sulphur;  in 
the  open  tul>e  they  yield  .^'Ulphur  dioxide,  which  has  a  characteristic  odor  and  reddens  a 
strip  of  moistened  litmus  pa|)or.  In  small  (|uantities,  or  in  sulphates,  sulphur  is  best 
detcK^teti  by  fusion  on  charcoal  with  socia.  The  fused  mass,  when  soilium  sulphide  has 
thus  been  formed,  is  placc^l  on  a  clean  silver  coin  and  moistened;  a  distinct  black  stain  on 
the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  2&i  must  be  exercised). 
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A  solution  in  hydrochloric  acid  gives  with  bnriiim  chloride  a  white  insoluble  precipitate 
of  barium  sulphate. 

TVtfuruim.— Tellurides  heated  in  the  open  tube  give  n  white  or  grayish  sublimate, 
fusible  to  colorless  drops  (p.  260).  On  charcoal  they  give  a  white  coating  aud  color  the 
RF.  green. 

Tin. — Minerals  containing  tin  (e.g,,  cassiterite),  when  heated  on  charcoal  with  soda  or 
potassium  cyanide,  yield  metallic  tin  in  minute  globules:  these  are  malleable,  but  harder 
than  silver.     Dissolved  in  nitric  acid,  white  insoluble  stannic  oxide  separules  out. 

IHianium, — Titanium  gives  in  the  R.F.  with  salt  of  phospliorus  a  l)c-ud  which  is  violet 
when  cold.  Fused  with  sodium  carbonate  and  dissolve<I  with  hydrochloric  srcid,  and 
heated  with  a  piece  of  metallic  tin,  the  liquid  takes  a  violet  color,  especially  after  partial 
evaporation. 

Tungsten. — Tungsten  oxide  gives  a  blue  color  to  the  salt  of  phosphorus  bead  (R.F.). 
Fused  aud  treated  as  titanium  (see  above)  with  the  addition  of  zinc  instead  of  tin.  gives  a 
line  blue  color. 

Uranium. — Uranium  compounds  give  to  the  salt  of  phosphorus  bead  (O.F.)  a  greenish 
yellow  bead  when  cool;  also  (R.F.)  a  tine  green  on  cooling  (p.  268). 

Vanadium. — With  borax  (O.F.)  vanadates  give  a  bead  yellow  (hot)  changing  to  yellow- 
ish green  and  nearly  colorless  (cold);  also  (H.F.)  dirty  ffrein  (hot),  fine  green  (cold).  With 
salt  of  phosphorus  (OF.)  a  yellow  to  umber  color  (Uius  differing  from  chromium);  also 
(R.F.)  fine  green  (cold). 

Zinc— On  charcoal  compounds  of  zinc  give  a  coating  which  is  yellow  while  hot  and 
white  on  coolin^r,  and  moistened  by  the  cobalt  solution  and  again  heated  becomes  a  fine 
green.  Note,  however,  that  the  zinc  silicate  (calamine)  becomes  blue  when  heated  after 
moisteninff  with  cobalt  solution. 

Zireontum. — A  dilute  hydrochloric  acid  solution,  containing  zirconium,  impartc  *^ 
orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Determinative  Mineralogy. 

488.  Determinative  Mineralogy  may  be  properly  considered  under  the 
general  bead  of  Chemical  Mineralogy,  since  the  determination  of  minerals 
depends  mostly  upon  chemical  tests.  But  crystallogrnphic  and  all  the  physical 
characters  have  also  to  be  used. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral  in 
hana  is  referred  successively  from  a  general  group  into  a  more  special  one, 
until  at  last  all  other  species  have  been  eliminated,  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recourse  is  had  to  the  tables.  This  examina- 
tion will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in  any  case  it 
should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practical  familiarity 
with  the  appearance  and  characters  of  minerals  can  be  gained. 

The  stuaent  will  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crystalline  form  ^  if  distinct;  general  struc- 
ture, cleavage^  fracture,  luster,  color  (and  streak),  feel;  also,  if  the  specimen  is 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  the  specific 
(fravity.  The  characters  named  are  of  very  unequal  importance.  Structure, 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
distin^ishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
generally  very  unimportant  with  unmetallic,  minerals.  Streak  is  of  importance 
onlv  with  colored  minerals  and  those  of  metallic  luster  (p.  187).  Crystalline 
form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  firtt  trial  should  be  the  determination  of  the  hardness  (for  which  end 
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the  nocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the  pow- 
dered mineral  with  acids  may  come  next;  by  this  means  (see  pp.  254,  255)  a  car* 
bonate  is  readily  identified,  and  also  other  results  obtained.  Inen  shoald  follow 
blowpipe  trials,  to  ascertain  the  fusibility;  the  color  given  to  the  flame,  if  any; 
the  character  of  the  stiblimnte  given  off  in  the  tubes  and  on  charcoal;  the 
metal  reduced  on  the  latter;  the  reactions  with  the^«:ie*,  and  other  points 
as  .explained  in  the  preceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  deptMids  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  various 
elementary  substances  with  reagents  and  before  the  blowpipe  (pp.  264  to  267). 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  bo  made  to  their  full  description  in  Part.  IV.  of  this  work  for  the  final 
decision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  their  crystalline  and  physical  characters,  are  added  in  the  Appendix.  They 
will  in  many  cases  a:d  the  observer  in  reaching  a  conclusion  in  regard  to  a 
specimen  in  hand. 

The  first  of  these  tables  is  intended  to  include  all  well-defined  species, 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  gravities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  the  individual  species  is  shown 
by  the  type  employed.  Following  this  are  minor  tables  enumerating  species 
characterized  by  some  one  of  the  prominent  crystalline  forms;  that  is,  those 
crystallizing  in  cubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
the  names  of  species  prominent  because  of  their  cleavage ;  structure  of 
different  cypes;  hardness;  luster;  the  various  colors,  etc.  The  student  is 
recommended  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  charactors  of  the  more  important 
minerals. 
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489.  Scope  of  Descriptive  Mineralogy. — It  is  the  proyince  of  Descriptive 
Mineralogy  to  describe  each  mineral  species,  as  regards:  (1)  form  and  structure; 
(2)  physical  characters;  (3)  chemical  composition  and  allied  blowpipe  char- 
acters; (4)  occurrence  in  nature  with  reference  to  geographical  distribution 
and  association  with  other  species;  also  in  connection  with  the  above  to  show 
bow  it  is  distinguished  from  other  species.  Further,  to  classify  mineral 
apecies  into  more  or  less  comprehensive  groups  according  to  those  characters 
regarded  as  most  essential.  Other  points  which  may  or  may  not  be  included 
are  the  investigation  of  the  methods  of  origin  of  minerals;  the  changes  that 
they  undergo  in  nature  and  the  results  of  such  alteration;  also  the  methods 
by  which  tne  same  compounds  may  be  made  in  the  laboratory;  finally,  the 
uses  of  minerals  as  ores,  for  ornament  and  in  the  arts. 

490.  Scheme  of  Classification.— The  method  of  classification  adopted  in  this 
work,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is  that 
which  places  similar  chemical  compounds  together  in  a  common  class  and 
which  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition  and  in 
crystalline  form  and  other  physical  properties. 

Upon  this  basis  there  are  recognized  eight  distinct  classes,  beginning^with 
the  Native  Elements;  these  are  enumerated  on  the  following  page.  Under 
each  of  these,  sections  of  different  grades  are  made,  also  based  on  chemical 
relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as  far  as 
possible,  in  isomorphous  groups,  including  those  which  have,  at  once,  analo- 
gous chemical  composition  and  similar  crystallization  (see  Art.  456).  It  is 
unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  classi- 
fication in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks^ 
only,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite,  opal).  Second,  the  Oxides  of  the  semi- 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  tungsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,  manganese,  tin,  etc. 
The  third  seqtion  is  then  subdivided  into  the  anhydrous  and  hvdrous  species. 
Further,  the  former  fall  Into  the  four  divisions:  Protoxides,  R,0  and  RO;  Ses- 
quioxides,  R.0,;  Intermediate  oxides,  RO,R,0,;  Dioxides,  RO,.  Under  each 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphoas  groups.  Thus  we  have  the  Hematite  group,  the  Rutile 
group,  etc. 

[n  regard  to  the  various  classes  of  salts  it  may  be  stated  that,  in  general, 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  snMiTisions  called  for,  however,  vary  in  the  different  cases. 

For  sa  explaaalion  of  the  abbreviations  used  io  the  description  of  species,  see  p.  4. 
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SCHEME  OF  CLASSIFICATION. 
I.  Kative  Elemehtb. 

II.  SULFHISEB,  8ELEHIDE8,  TELLUEIBEB,  ABSEHIDES,  AVTIKOnDSfl. 

III.  Sulpho-saltS—SULPHABSEHITES,  SULPHAimMOHITEB,  SirLPHOBIBMUTH- 

ITE8. 

IV.  Haloids.— CHLOEIDEB,  BBOMIBEB,  IODIDE8;  FLUOBIDEB. 

V.  OXIDEB. 
VI.  Oxygren  Salts. 

1.  Cabbohateb. 

2.  8ilicateb,  titahate8. 

3.  N10BATE8,  Tahtalates. 

4.  PH08PHA.TE8,      ABSENATEB,     YAH ABATES;      AHTIMOHATBS.     VI- 

TBATE8. 

5.  BOBATE8.     Ubanateb. 

6.  Sulphates,  Chbomates,  Tellubateb. 

7.  tvngstates,  moltbdates. 

VII.  Salts  of  Organic  Acids :  Oxalates,  Mellates,  etc 

VIII.  Htbbocabboh  Compounds. 


NATIVE   ELEMENTS. 
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I.    NATIYE    EliEMENTS. 

The  NATIVE  ELEMENTS  are  divided  into  the  two  distinct  sections  of  the 
Metals  und  the  Non-metnls,  and  these  are  connected  by  the  transition  class  of 
the  Semi-inetals.  The  distinction  between  them  us  regards  physical  characters 
and  chemical  relations  has  already  been  given  (Art.  437). 

The  only  non-metals  present  among  minerals  are  carbon,  sulphur,  and 
selenium;  the  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the  semi- 
metal  tellurium. 

The  native  semi-metals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  system  with  a  fundamental  angle  differing  a 
few  degrees  only  from  90%  as  shown  in  the  following  list: 


Tellurium,  rr'  =  93*^    3'. 
Antimony,  rr'  =  93°  53'. 


Arsenic,  rr'  =  94°  54'. 
Bismuth,  rr'=  92°  20'. 


An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif.)  is  rhombohe- 
dral {rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals. 

Among  the  metals  the  isometric  Gold  group  is  prominent,  including  gold, 
silver,  copper,  mercury,  amalgam  (AgHg),  and  lead. 

Another  related  isometric  group  includes  the  metals  platinum,  iridium, 
palladium,  and  iron;  further  palladium  is  rhombohedral  and  also  iridosmine 
(IrOa). 

DIAMOND. 

Isometric  and  probably  tetrahedral,  but  the  +  a'^d  ""  forms  not  distin- 
^isbed.  Commonly  in  octahedrons,  also  hexoctahedrons  and  other  forms; 
faces  frequently  rounded  or  striated  and  with  triangular  depressions  (on  o). 


676. 


676. 


577. 


Twins  common  with  tw.  pi.  o.    Crystals  often  distorted.     In  spherical  forms; 
massive. 

Cleavage:  o  highly  perfect.  Fracture  conchoidal.  Brittle.  H.  =  10. 
G.  =  3-5l6-3'525  crystals.  Luster  adamantine  to  greasy.  Color  wliite  or 
colorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  blue, 
brown;  sometimes  black.  Usually  transparent;  also  translucent,  opaque. 
Refractive  and  dispersive  power  high;  index  Uy  =  2*4195.     (See  Art.  306.) 

Var. — 1.  Ordinarjf,  In  crystals  usually  with  rounded  faces  and  v.uying  from  those 
which  Hre  colorleat  mid  free  from  flaws  (Jlrsl  wnUr)  through  many  fniut  shades  of  of)Inr, 
yeHow  the  most  commou;  often  full  of  flaws  and  hence  of  value  onlyfor  cutting  purposes. 
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2.  Bort  or  Booi-t ;  rounded  forms  with  rough  exterior  and  radiated  or  confused  crystal- 
line structure. 

8.  Carbonado  or  Carbon;  black  diamond.  Massive,  crystalline,  eranular  to  compact, 
without  cleavage.  Color  black  or  grayish  black.  Opaque.  Obtained  chiefly  from  Babii^ 
Brazil. 

Comp. — Pure  carbon;  the  variety  carbonado  yields  on  combustion  a  slight 
ash. 

Pyr..  etc. — Unaffected  by  heat  except  at  very  high  temperatures,  when  (in  an  oxygen 
atmospbere)  it  burus  to  carbon  diuxide  (CO9);  out  of  contact  with  the  air  transfoimed  into 
a  kind  of  coke.     Not  acted  upon  by  acids  or  alkalies. 

Diff  —  Disiinguisbed  {e.g.,  from  quartz  crystal)  by  its  extreme  hardness  and  brilliant 
adainautiue  luster;  the  form,  cleavage,  aud  high  specific  gravity  are  also  distinctive  char- 
acters; it  is  optically  isotropic;  transparent  to  X-rays. 

Obs.— The  diamond  occurs  chiefly  in  alluvial  deposits  of  gravel,  sand,  or  clay,  asso- 
ciated  with  quartz,  gold,  platinum,  zircon,  ociahedrite,  ruiile,  brookite,  hematite,  ilmenite. 
and  also  aiidalusite,  chrysober^l,  topaz,  corundum,  tourmaline,  garnet,  etc.;  the  associated 
minerals  being  those  common  in  granitic  rocks  or  granitic  veins.  Also  found  in  quartzose 
conglomerates,  aud  further  in  connection  with  3ie  laminated  granular  quartz  rock  or 
quartzose  bydromica  schist,  iiaeolumyle,  which  in  thin  slabs  is  more  or  less  flexible.  This 
rock  occurs  at  the  mines  of  Brazil  aud  the  Urals;  aud  also  in  Georgia  and  North  Carolina, 
where  a  few  diamonds  have  been  found. 

It  has  been  reported  as  occurring  in  situ  in  a  pegmatite  vein  in  gneiss  at  Bellary  in 
India.  It  occurs  further  iu  connection  with  an  eruptive  peridotite  in  South  Africa.  It  has 
been  noted  as  grayish  particles  forming  one  per  cent  of  the  meteorite  which  fell  at  Kovo- 
Urci,  Russia,  Sept.  22,  1886;  also  in  the  form  of  black  diamond  (H.  =  9)  in  the  meteorite 
of  Carcote.  Chili;  in  the  meteoric  iron  of  Cafion  Diablo,  Arizona.  It  has  been  formed 
artificially  by  Moissnn. 

India  was  the  chief  source  of  diamonds  from  very  early  times  down  to  the  discovery  of 
the  Bnizilian  mines;  the  yield  is  now  small.  Of  the  localities,  that  in  southern  India,  in  the 
Madras  presidency,  included  the  famous  "  Golconda  mines."  The  diamond  deposits  of 
Brazil  have  been  worked  since  the  early  part  of  the  18th  century,  and  have  yielded  very 
largely,  although  at  the  present  time  the  amount  obtained  is  small.  The  most  important 
region  wtis  that  near  Diamantiua  in  the  province  of  Minns  Geraes;  also  from  Bahia,  etc. 

The  discovery  of  diamonds  in  South  Africa  dates  from  1867.  They  were  first  found  in 
the  gravel  of  the  Vaal  river;  they  occur  from  P(;tchefstroom  down  to  tne  junction  with  the 
Omnge  river,  and  along  the  latter  as  far  as  Uo\ye  Town.  These  riter  diggitigi  are  now 
comparatively  unproductive,  and  have  been  nearly  abandoned  for  the  dry  diggings^ 
discovered  in  1871. 

The  latter  are  chiefly  in  Griqualand-West,  south  of  the  Vnal  river,  on  the  border  of  the 
Orange  Free  State.     There  are  here  a  number  of  limited  areas  approximatdy  spherical  or 
oval  in  form,  with  an  average  diameter  of  some  200  to  800  3 aids,  of  which  Kimlerley,  De 
Beer's,  Du  Toil's  Pan  and  Bultfontein   are   the  most   important.     A  circle  8}  miles  in 
diameter  encloses  the  four  principal  diamond  mines.     The  genera]  structure  is  similar:  a 
wall  of  nearly  liorizontal  black  carbonaceous  shale  with   upturned  edges  enclosing  the 
diumantiferous  area.     The  upper  ))ortion  of  the  deposit  consists  of  a  friable  mass  of  little 
coherence  of  a  pale  yellow  color,  called  the  "  yellow  ground."    Below  the  reach  of  atmos- 
pheric influences,  the  rock  is  more  lirm  and  of  a  bluish  green  or  greenish  color;  it  is  called 
the  "blue  ground"  or  simply  "the  blue."     This  consists  essentially  of  a  serpentinous 
breccia:  a  Imse  of  hyd rated  niagnesian  silicate  penetrated  by  calcite  and  opaline  silica  and 
enclosing  fragments  of  bronzite,  diallage,  also  garnet,  magnetite,  and  ilmenite,  and  less 
commonly  smaragdite,  pyrite,  zircon,  etc.     The  diamonds  are  rather  abundantly  dissemi- 
nated  throuirh  the  mass,  in  some  claims  to  the  amount  of  4  to  6  carats  per  cubic  yard.     The 
original  rock  seems  to  Imve  been  a  peculiar  type  of  peridotite.     These  areas  are  believed 
to  be  volcanic  pipes,  and  the  occurrence  of  the  diamonds  is  obviously  connected  with  the 
eruptive  outflow,  they  having  probably  been  brought  up  from  underlying  rocks.     The 
iSoutli  African  mines  in  Griqualand  up  to  June  1896  are  estimated  to  have  yielded  60 
million  carats  (13  tons)  of  diamonds,  valued  at  about  870  million  dollars. 

Diamonds  are  also  obtained  in  Borneo,  associated  with  platinum,  etc.;  in  Australia,  and 
the  Urals. 

In  the  U.  S.  a  few  crystals  have  been  met  with  in  No.  Carolina,  Georgia,  and  Yii^nia; 
several  have  been  found  in  Wisconsin,  also  in  California  at  several  points.  Reported  from 
Idaho  and  from  Oregon  with  platinum. 

Some  of  the  famous  diamonds  of  the  world  with  their  weights  are  m  follows:   the 
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Kohinoor,  which  weighed  when  brought  to  England  186  carats,  and  as  recut  as  a  brilliant. 
106  carats;  the  Orlov,  198  carats;  the  Kegent  or  Pitt,  187  carats;  the  Florentine  or  Grand 
Duke  of  Tiisctiuy,  183  ciiruts;  the  Suncy,  58  carats.  The  **Star  of  the  Soulli,"  found  in 
Brazil  in  1853,  weiglied  befoi-e  and  after  cutting  respectively  254  and  1*^5  curats.  Also 
famous  because  of  the  rarity  of  their  color  are  the  green  diamond  of  Dresdcu,  40  carats,  and 
the  deep  blue  Hope  diamond  from  India,  weigliiug  44  carats.  The  history  of  tlic  above 
stones  and  of  otliers  is  given  in  many  works  on  gems. 

South  Africa  has  yiehled  some  very  large  stones.  Among  these  may  be  mentioned  the 
following:  The  Victoria  (or  the  Imperial)  from  one  of  the  Kimberlcy  mines  weighed  as 
found  457  carats;  the  Stewart  weighed  before  and  after  cutting  288  and  1<^0  carats  respect- 
ively; the  Tiilany  diamond,  of  a  l;rilliant  golden  yellow,  weighs,  cut  as  a  double  brilliant. 
I*i5  canits.  The  Excelsior  from  Jagersfonteiu  weighed  when  found  971  camis  and  was  8 
inches  in  its  largest  dimension,  this  is  the  largest  ever  known  to  have  been  discovered. 

Cliftonitk.— Carbon  in  minute  cubic  crystals.  H.  =  2*5.  G.  =  212.  Color  and 
streak  black;  from  the  Youndegin,  West  Australia,  meteoric  iron,  found  in  1884. 

ORAPHmi.    Plumbago.     Black  Lead. 

Khombobedral.  In  six-sided  tabular  crystals.  Commonly  in  embedded 
foliated  masses,  also  columnar  or  radiated;  scaly  or  slaty;  granular  to  com- 
pact; earthy. 

Cleavage:  basal,  perfect.  Thin  laminae  flexible,  inelastic.  Feel  greasy. 
H.  =  1-2.  G.  =  2-09-2-23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.     Opaque.     A  conductor  of  electricity. 

Comp.— Carbon,  like  the  diamond;  often  impure  from  the  presence  of  iron 
sesquioxide,  clay,  etc. 


.,  etc.— At  a  high  temperature  some  graphite  burns  more  easily  than  diamond, 
other' varieties  less  so.    B.B.  infusible.     Unaltered  by  acids. 

T>HL — Characterized  by  lis  extreme  softness  (soapy  feel)*  iron-black  color;  metallic 
luster;  low  specific  gravity;  also  by  infusibility.     Cf.  molybdenite,  p.  285. 

Obs. — Graphite  occurs  in  beds  and  embedded  masses,   laminoB.  or  scales  in  granite, 

fneiss,  mica  schist,  crystalline  limestone.     It  is  in  some  places  a  result  of  the  alteration  by. 
eat  of  coal.     Often  observed  in  meteoric  irons.     A  com?non  furnace  product. 

Occur?*  at  Borrowdile  in  Cumberland;  at  Arendal  in  Norway,  in  quartz;  in  the  Ural, 
Finland;  Passau  in  Bavaria.  In  Irkutsk,  in  the  Tunkinsk  Mts.,  in  eastern  Siberia,  the 
Alibert  graphite  mine  affords  some  of  the  best  graphite  of  the  world.  Large  quantities 
aie  brought  from  the  East  Indies,  especially  from  Ceylon. 

Forms  beds  in  gneiss,  at  Sturbridpe,  Mass.;  at  Ticonderoga,  N.  Y.,  with  pyroxene  and 
tilanite;  and  at  Hillsdale.  Columbia  Co.,  N.  Y. ;  Byers,  Chester  Co.,  Pa.;  Loudon  Co.,  Va. ; 
Wake  Co.,  N.  C.  A  graphitic  earth  is  mined  for  paint  in  Arkansas.  In  California,  in 
Alpine  Co..  Kern  Co.,  etc.  In  Humboldt  Co.,  Nevada;  Beaver  Co..  Utah;  Albany  Co., 
Wyoming.     A  large  deposit  occurs  at  St.  John,  New  Brunswick. 

The  name  black  Ucul,  applied  to  this  speci«s.  is  inappropriate,  as  it  contains  no  lead. 
The  name  graphite,  of  Wenier,  is  derived  from  y/ja<peiy,  to  vyrite,  alluding  to  its  use  for 
"lead"  pencils. 

ScBuneTTE.    Amorphous  carbon  observed  in  some  schists. 


SUIiPHUR. 

Orthorhombic.    Axes  &il:i  =  0'8131  :  1  :  1-9034. 

678.  679.  580.  581.  682. 
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Crystals  commonly  acute  pyramidal;  sometimes  thick  tabular  |  c,  also 
sphenoidal  in  habit  (Fig.  583).    See  also  Figs.  66,  p.  30,  and  302,  p.  94.    Also 
683.  _  massive,  in  reniform  shapes,  in- 

110  =  78"'  14'.       crusting,  stalactitic  and  stalag- 

mitic;  in  powder. 

Cleavage :  c^m^p  imperfect. 
Fracture  conchoidal  to  uneven. 
Kather  brittle  to  imperfectly 
sectile.  H.  =  1-5-2-5.  G.  = 
2-05 -2*09.  Luster  resinous. 
Color  sulphur-yellow,  straw-  and 
honey-yellow,  yellowish  brown, 

{rreenish,  reddish  to  yellowisli  gray.  Streak  white.  Transparent  to  trans- 
ucent.  A  non-conductor  of  electricity;  by  friction  negatively  electrified. 
Optically  +.  Double  refraction  strong.  Ax.  plane  |  J.  Sx  J_  c.  Dispersion 
p  <v.    2Ha.r  =  103°  18'  Dx.     Refractive  indices,  see  p.  208. 

Comp.,  Tar. — Pure  sulphur;  often  contaminated  with  clay,  bitumen,  and 
other  impurities. 

Sulphur  may  also  be  obtained  In  the  laboratory  in  other  allotropic  forms;  a  monoclinic 
form  is  common. 

Pyr.,  etc.— Melts  at  108**  C,  and  at  270"  burns  with  a  bluish  flame  yieldine  sulphur 
dioxide.  Insoluble  in  water,  and  not  acted  on  by  the  acids,  but  soluble  in  carbon 
disulphide. 

Di£ — Readily  distinguished  by  the  color,  fusibility  and  combustibility. 

Obs.— The  great  repositories  of  sulphur  are  either  beds  of  gypsum  and  the  associate 
rocks,  or  the  regions  of  active  and  extinct  volcanoes.  In  the  valley  of  Nolo  and  Mazzaro, 
in  Sicily;  at  Couil,  in  Spain;  Bex,  Switzerland;  Cracow,  Poland,  it  occurs  In  the  former 
situation;  near  Bologna,  Italy,  in  fine  crystals,  embedded  in  bitumen.  Sicily  and  the 
neigliboring  volcanic  isles;  the  Solfatara,  near  Naples;  the  volcanoes  of  the  Pa<nflc  ocean, 
etc.,  are  localities  of  the  latter  kind.  It  is  also  deposited  from  hot  sprinn  in  Iceland:  and 
is  met  with  in  certain  metallic  veins,  thus  with  lead  ores  near  MUsen  and  at  Monte  Poni, 
Sardinia.  The  Sicilian  mines  at  Girgenti  yield  large  quantities  for  commerce,  including 
beautifully  crystallized  specimens. 

Sulphur  is  found  near  the  sulphur  springs  of  New  York,  Virginia,  etc.,  sparingly;  in 
many  coal  deposits  and  elsewhere,  where  pyrites  is  undergoing  decomposition;  in  minute 
cryHtals  on  cleavage  surfaces  of  galena,  Phenixville.  Pa.  Some  important  deposits  occur 
in  the  western  U.  S.,  as  in  Wyoming,  in  the  Uintah  Mts.,  80  miles  s.e.  of  £vanston;  in 
Nevada,  Humboldt  county;  Steamboat  Springs,  Washoe  Co.;  Columbus.  Esmeralda  Co. 
In  s(nitheru  Utah  in  large  deposits,  at  Cove  Creek,  Millard  county.  In  Califomin,  at  the 
eeysers  of  Napa  valley,  Sonoma  Co. ;  in  Santa  Barbara  in  good  crystals;  near  Clear  Lake, 
Lake  Co.,  a  large  deposit.    In  the  Yellowstone  Park,  in  deposits  and  about  the  fumaroles. 

Selenaulphur.  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  from 
the  islands  Vulcano  and  Lipari. 

ARSENIC. 

Kliombohedral.  Generally  granular  massive;  sometimes  reticulated, 
reniform,  stalactitic. 

Cleavage :  c  highly  perfect.  Fracture  uneven  and  fine  granular.  Brittle. 
II.  =  3'5.  G.  =  5'63-5'73.  Luster  nearly  metallic.  Color  and  streak  tin- 
white,  tarnishing  to  dark  gray. 

Comp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold, 
or  bismuth. 

Pyr. — B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  aTsenic 
trioxfcie,  and  affords  a  garlic  odor;  the  coating  treated  in  R.  F.  volatilizes,  tingeing  the 
flame  blue. 

Obs. — Occurs  in  veins  in  crystalline  rocks  and  the  older  schists,  often  accompanied  by 
ores  of  anthnony,  ruby  silver,  realgar,  sphalerite,  and  other  metallic  mitterals.  Thus  in  tfaie 
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silver  mines  of  Ssxodt;  also  Andreasberg;  Joachimstbal,  Bobemia ;  in  Hungary;  Norway, 
etc  Abundant  at  Chafiar^illo,  Chili.  lu  the  U.  S.  sparingly  at  Haverlilll  and  Jackson, 
N.  H.;  near  Leadville,  Colorado;  Watson  Creek,  Britisii  Columbia. 

Allemontite.  Arsenical  Antimony,  SbAsj.  In  reniforra  masses.  G.  =  6*208.  Luster 
metallic.     Color  tin-white  or  reddish  gray.     From  Allemont;  Pribram,  Bohemia,  etc. 

Tellnriam.  In  prismatic  crystals  (Pljj.  14.  p.  10);  commonly  columnar  to  fine-granular 
massive.     O.  =  6*2.    Color  tin-white.    From  Transylvania  and  Colorado. 

ANTIMONY. 

Rliombohedral.  Generally  massive,  lamellar  and  distinctly  cleavable;  also 
radiated;  granular. 

Cleavage:  c  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  H.  =  3-3*5.  G.  =  6-65-6-72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp. — Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr. — B.B.  on  charcoal  fuses,  gives  a  white  coating  iu  both  O.  F.  and  U.  F.;  if  the 
blowiiig  be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is 
finally  crusted  over  with  prismatic  crystals  of  antimony  trioxide.  The  white  coating 
tinges  the  B.  F.  bluish  green.    Crystallizes  readily  from  fusion. 

Obs. — Occurs  near  Sala  in  Sweden;  Andrcasber^  in  the  Harz;  Allemont,  Dauphin^; 
PHbram,  Bohemia;  Mexico;  Chili;  Borneo.  In  the  U.  8.,  at  Warren,  N.  J.,  rare;  iu  Kern 
Co.,  Cal.  At  Prince  William  parish,  York  Co. .  N.  Brunswick. 

BXSBSUTH. 

Rhombohedral.     Usually  reticulated,  arborescent;  foliated  or  granular. 

Cleavage:  c  perfect.  Sectile.  Brittle,  but  when  heated  somewhat  malle- 
able. H.  =  2-2-5.  G.  =  9-70-9-83.  Luster  metallic.  Streak  and  color 
silver-white,  with  a  reddish  hue;  subject  to  tarnish.     Opaque. 

Comp^  Tar* — Bismuth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

P3nr.,  etc. — B.B.  on  charcoal  fuses  and  entirely  volatilizes,  giving  a  coating  orange- 
yellow  while  hot,  lemon-yellow  on  cooling.  Fuses  at  265**  C.  Dissolves  iu  nitric  acid; 
lalMequeut  dilution  causes  a  white  precipitate.     Crystallizes  readily  from  fusion. 

Obs. — Occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  clay  slate,  accompanying 
various  ores  of  silver,  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  baxony  and  Bohemia, 
etc;  Meymac,  Corr^ze,  France.  Also  at  Modum,  Norway;  at  Falun,  Sweden.  In  Corn- 
wall and  Devonshire;  nearCopiapo,  Chili;  Bolivia. 

Occurs  at  Monroe,  Conn. ;  Brewer's  mine.  Chesterfield  district,  S.  Car. ;  near  Cummins 
City,  and  elsewhere  in  Colorado. 

Zinc  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained  in 
hexagonal  prisms  with  tapering  pyramids;  also  iu  complex  crystalline  aggregates.  It  also 
appears  to  crystallize  in  the  isometric  system,  at  least  iu  various  alloys. 


Gold  Group. 

aou>. 

Isometric.  Distinct  crystals  rare,  o  most  common,  also  d  (110),  m  (331), 
and  X  (18'10'1);  crystals  often  elongated  in  direction  of  an  octahedral  axis, 
giving  rise  to  rhombohedral  forms  (Figs.  452,  453,  p.  135),  and  arborescent 
shapes;  also  in  plates  flattened  ||  o,  and  branching  at  60"^  parallel  either  to  the 
edges  or  diagonals  of  an  o  face  (see  pp.  131,  132).  Twins:  tw.  plane  o. 
Skeleton  crystals  common;  edges  salient  or  ronnded;  in  filiform,  reticulated, 
dendritic  shapes.  Also  massive  and  in  thin  laminae;  often  in  flattened  grains 
or  scales. 

Clearage  none.  Fracture  hackly.  Very  malleable  and  ductile.  H.  =  2'5-3. 
0.  =  15"6-19"3,  19"33  when  pure.  Luster  metallic.  Color  and  streak  gold- 
yellow,  sometimes  inclining  to  silver-white  and  rarely  to  orange-red.    Opaque. 


DESCBIPTITE  UINERALOOT. 


Comp.,  Tkt, — Gold,  bnt  usually  allowed  with  silver  in  rarying  amounts  a 
sometimes  containing  also  traces  of  copper  or  iron. 


V«r.~l.  Ordinary.  Conlaluliig  up  to  10  p.  c.  of  alWer.  Color  T&rylDg  aocordiog;!; 
froni  deep  gold-yellow  to  pale  yellow,  iiii<l  apeciflc  gravity  from  18'3  to  18  5.  The  ratio  ol 
gold  io  silver  of  3:1  corresponds  to  151  p.  c.  silver.  For  O.  =  17-6,  Ag  =  9  p.  c  ; 
O.  =  10-9,  Ag  =  18'3;  Q.  =  14-6,  Ag  =  384,  Rose.  The  purest  gold  which  Una  beeo 
described  is  tliat  Xrom  Mi>iiut  MurgHQ,  iu  QiieeDslancl,  which  lias  yielded  99-7  U>  99'8  of 
gold,  the  renmindvT  being-copper  with  a  Httlc  iron;  silver  is  preseat  only  as  a  miniile  trace. 

2.  Argtntiferout :  SSetrum.  Color  pale  yellow  to  yellowish  white;  G.  =  19-5-12'S. 
Rntio  for  Ihe  gold  and  stiver  of  1 ;  1  currospoDds  to  86  p.  c.  of  silTer;  li  :  1,  lo  26  p.  c; 
2:  1.  t»  31  p.  c;  31:1,  Io  18  p.  c.  The  word  In  a  reck  me»ns  also  ambn-;  and  its  use  for 
thU  sUoy  probiilily  arose  from  the  ]<alc  yellow  color  it  has  as  compared  with  gold. 

Viirieties  have  also  been  described  contalulne  palladium  to  10  p.  o.  {porptaite),  from 
Porpez,  Brazil  ;  bismuth,  incliidiug  the  black  gold  of  Australia  [maidoititt,  Ulrich) ;  also 
rhodium(?|. 

Fyr.,  etc— B.B.  fuses  easily  (at  1100°  C).  Not  acted  on  by  fluxes.  Insoluble  In  ani 
siugle  acid;  soluble  In  uitro-liydrochloric  acid  (aqua  regia),  the  separation  not  complete  If 
more  than  80  p.  o.  Ag  is  present. 

Dlff— IteHdIly  recognised  {eg.,  from  other  metallic  minerals,  also  from  scales  of  yellow 
mioi)  by  lis  mullciihllity  iind  high  spccESc  gruvity,  wiilch  last  malies  It  paiistble  to  leparale 


ObiMvationa.— Native  gold  is  found,  when  in  tita.  with  compamllTely  small  exceptions, 
iu  the  quuiizvi'iii.'stUiit  intersect  mciamorphlc  rocks,  and  to  some  extent  In  the  wall  rock  of 
these  veins.  The  iTietnmnrpblc  rocks  thus  intersected  are  mostly  chlorilic.  I&Icom  and 
argillaceous  schist  of  dull  green,  dark  gray,  and  other  colors:  also,  much  less  commonly 
mica  and  hor.ihleudic  scliiil,  gneiss,  diorile,  porphyry;  and  still  mort  rarely  irninlle  A 
liimlna'ed  miarlzile,  called  itucoluuiile.  is  common  in  many  gold  regions  as  tliose  nf  Bracit 
«ud  Nortli  Giroliua,  and  aomelimcs  specular  schists,  or  slaty  rocks  containing  much  folialwl 
speciiliir  iioi.  (l,em:ititc)  or  magnetite  in  grains.  A  qunrtjiose  conglomerate  is  sometimes 
riclilv  auriferous  u:t  in  Traiidvaal.     Less  frequently  calrfle  is  the  vein  material 

The  1,'ohl  occiira  in  the  qunrlz.  irregularly  distributed.  In  slringB,  scslei,  nlatei  and  in 
mSMca  whioh  are  someli.oeB  an  agglomeration  of  crystals;  and  the  scales  ar^  often  iDvislhle 
totlie  nakpicye.  Tlie  as«"-ialed  minenils  are:  l-yrltc.  which  far  exceeds  in  quantity  all 
others,  and  is  !;eiiorally  aurifero'u:  next,  chalcopyrite,  g.ilena.  sphalerite,  arwoopvrlte  inch 
freqiieiiil.y  aiiriferou-;^  often  tctmdyniite  am]  other  leflurinm  ores,  native  bismuth,  native 

'!"•""""?■  *"'n<1'niesbarlte.  scheelite,  apatite,  flnnriie. 

the  surfoce.  or  tii  the  upper  part  of  a  vein,  is  usually 
complete  disappearanci;  of  Ihe  pyrite  ud  other 


;,  stiliuilc,  cinntilmr,  niagncli 
sidcvitu,  chrysoi'oilii.  Tlie  quartz 
[lellulnr  anrl  ru:<1ril  from  the 


sulpliidus  by  decompoiiition ;  but  belnw.  It  is  commonly  solid 

Tl.e  goM  of  the  world  wa.i  wrlv  pilhercd.  not  directly  from  the  quartz  velna  (the 
"  quarts  reefs  of  Australia  and  Africa),  but  from  the  gmvel  or  sands  of  rivers  or  vallevs 
In  auriferous  regions,  or  the  slo|Ha  of  mounUiiis  or  hills,  wiiow  rocks  contain  In  somp  part, 
and  «!nerally  not  fnr  distant,  nunferoiis  veins;  In  California  this  mrthod  of  hydriuHr 
miniug  ipUieer  digging*)  hw  been  carried  on  on  a  stupendous  scale.    Ho«l  of  tbe  gold  of 
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the  Umls,  Brazil,  Australia,  and  all  other  eold  regions  has  come  from  such  alluvial  washiugs. 
At  the  present  time,  however,  the  alluvial  washings  are  much  less  depended  upon,  in  many 
regions  alt  the  gold  being  obtained  direct  from  the  rock. 

The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  size 
depending  |)anly  on  the  original  couclilion  in  the  quartz  veius,  and  partly  on  the  distance 
to  which  it  has  been  transported  and  assorted  by  running  water.  Tlie  rolled  masses  when 
of  some  size  are  called  nuggets;  in  rare  cases  these  occur  very  large  and  of  great  value. 
Tlie  Austnilian  gold  region  has  yielded  many  large  nuggets:  one  of  these  found  in  ISijS 
weighed  184  pounds,  and  another  (1869)  weighed  190  pounds.  In  the  auriferous  sands, 
crystals  of  zircon  are  very  common;  also  garnet  and  cyanite  in  grains;  often  also  mouazite, 
diamond,  topaz,  corundum,  iridosmine,  platinum.  The  zircons  are  sometimes  mistalteii 
fur  diamonds. 

Besides  the  free  gold  of  the  quartz  veins  and  gravels,  much  gold  is  also  obtained  from 
nuriferous  sulphides  or  the  oxides  produced  by  their  alteration,  especially  pyrite,  alsa 
arsenopyrite.  chalcopyrite,  sphalerite,  marcasite,  etc.  The  only  minerals  containing  gold  in 
combination  are  the  rare  tellurides  (sylvanite,  etc.). 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of 
crystalline  rocks,  especially  those  of  the  semi-crystalline  schists;  and  also  in  some  of  the 
large  islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  occurs  with  silver  ores  in 
Hungary;  in  Transylvania  at  Verespatak  and  Nagyag;  in  the  sands  of  the  Rhine,  the 
DiiDube.  and  other  nvers;  on  the  southern  slope  of  the  Pennine  Alps;  in  Piedmont;  in  many 
of  the  streams  of  Cornwall;  in  North  Wales;  in  Scotland,  near  Leadhills;  in  the  county  of 
Wicklow,  Ireland;  in  Sweden,  at  £delfors;  in  Norway,  at  Eongsberg. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Berezov  mines  near  Ekaterinburg;  also  at  Petropavlovski :  Nizhni  Tagilsk; 
Miask,  near  Zlatoust  and  Mt.  Umen.  etc.  Ekatennburg  is  the  capital  of  the  mininc^  district. 
Siberian  mines  less  extensive  occur  in  the  lesser  Altai;  at  Nerchinsk,  east  of  L.  Baikal, 
including  the  Kara  mines.  Asiatic  mines  occur  also  in  Little  Thibet,  Ceylon,  and  Malacca, 
China  especially  in  the  Amur  district,  Corea.  Japan,  Formosa,  Sumatra,  Java,  Borneo,  th& 
Philippines,  and  other  East  India  Islands;  at  numerous  points  in  British  India. 

In  Africa,  gold  occurs  at  Eordofan,  between  Darfur  and  Abyssinia;  also,  south  of  the 
Sahani  in  western  Africa,  from  the  Senegal  to  Cape  Palmas.  Also  in  Transvaal  in  southern 
Africa,  at  Lydenburg,  both  quartz  veins  and  alluvial  washings,  and  at  Eersteling;  recently 
the  Eaap  gold  fields  in  southeastern  Transvaal  have  become  very  productive:  the  chief 
town  of  the  region  is  Barberton.  The  quartz  reefs  of  Witwatersrand  in  the  immediate 
vicinity  of  Johannesburg,  farther  west,  are  also  very  productive;  here  the  gold  occurs 
larsely  in  a  quartzosc  conglomerate. 

In  South  America,  gold  is  found  in  Brazil;  in  the  U.  S.  of  Colombia;  Chili;  Bolivia; 
sparingly  in  Peru.  Also  in  Central  America,  especially  in  Honduras;  also  San  Salvador, 
Guatemala,  Costa  Rica. 

In  Australia,  the  principal  gold  mines  occur  along  the  streams  in  the  mountains  of  New 
South  Wales  and  along  the  continuation  of  the  same  range  in  Victoria.     Also  obtained 
largely  in  Queensland,  N.  Australia,  particularly  at  Mt.  Morgan,  Rockhampton  district 
Also  occurs  in  Tasmania,  New  Z^land,  and  New  Caledonia. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  western 
America,  and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Georgia 
to  Labrador,  besides  jiome  in  portions  of  the  intermediate  Archean  region  about  Lake 
Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico;  in  New  Mexico,  near  Santa  Fe,  Cerillos,  Avo,  etc.;  in  Arizona,  in  the  San  Fran- 
cisco. Wa.ibi,  Yuma,  and  other  districts;  in  Colorado,  abundant,  the  gold  largely  in  aurif- 
erous pyrites,  also  in  connection  with  tellurium  minerals;  the  Cripple  Creek  rejrioii  in 
Colorado  affords  at  present  large  quantities  of  gold;  also  in  Montana:  the  Black  IlillH  of 
Dakota:  Idaho  especially  the  Coeur  d'Aldne  district,  also  Utah.  Along  ranges  l)etween  the 
summit  and  the  Sierra  Nevada,  in  the  Humboldt  region  and  elsewhere.  Also  in  the  Sierra 
Nevada,  moetly  on  its  western  slope  (the  mines  of  the  eastern  being  principally  silver 
mines).  The  aariferons  belt  may  be  said  to  begin  in  the  Californian  peninsula.  Near  the 
Tejon  paw  it  enters  California,  and  beyond  for  180  miles  it  is  sparingly  auriferous,  the  slate 
rocks  Mng  of  small  breadth;  but  beyond  this,  northward,  the  slates  increase  in  extent,  and 
the  mines  in  number  and  productiveness,  and  thev  continue  thus  for  200  miles  or  more. 
Gold  occurs  also  in  the  Coast  ranges  in  many  localities,  but  mostly  in  too  snuiU  qunntitiea 
tn  be  profitably  worked.  The  regions  to  the  north  in  Oregon  and  in  Washington  and 
Alaska,  with  British  Columbia,  are  nt  mnnv  points  auriferous,  and  productively  so,  though 
to  a  let!  extent  than  California.  The  Cari!>oo  region  on  the  Frast^  river,  and  the  Cissiar 
district  on  the  Stlckeen,  have  yielded  considerable  amounts.   The  Alaska  quartz  mines  have 
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bi%n  K-orheil  to  some  aiWniiUge.  as  also  ihe  gravcU  of  tb«  Yukon  rtrer  and  ils  tribnlariea; 
of  llie  Inner,  Ibe  Kloiiilike  is  now  (I8I1H)  rcpiiled  to  Ih:  fabulously  ricb. 

lu  eosttni  Norili  Atiiurioi,  tUe  cLief  luioea  are  mostly  cuuflneil  10  the  Stales  of  VirEiiiis, 
North  uD()  Suiilli  CiiroliDik,  sail  Georgia,  or  slimg  a  line  from  the  ItnppkbaDDOck  10  tliv 
Coosii  in  Alabama.  In  C'aDuUa.  gold  occurs  10  lliv  soutli  of  Ibe  St.  Lawreuce,  Id  Ihe  hoII  nn 
the  Chuiidi^ru  autl  elitvwhtre:  in  Nova  Scotia,  at  Duloro,  Dear  HaaliiiKS,  Onlario  (to  ursenn. 
pyriit),  Lilsd  ill  the  Port  Aitliur  regioo,  uorlb  of  Lake  Superior,  aud  In  the  river-graTuU  nf 
tlie  Piicilii;  slope,  as  lieforc  auleil. 

Thu  world's  prodiictiim  of  gold  was  lu  1867  about  f2SO.0O0,000,  liavlog  con  side  ralih- 
Dioie  llinii  doubled  since  1890.  Of  thin  amount  the  United  States  afforded  iiboul  t61  MU.- 
000.  Africa  about  tSS.OOO.OUO.  AusLruliii  nearly  156,000.000,  Russia  abont  f28,700.000.  ai  cl 
oiliorLiiunlTiesiChliiu,  Csiiudn,  Imlia,  So.  Anit'rica,  etc.)  the  remainder.  Ills  also  iuieresliiLe 
to  uiite  Ibul  in  IbUT  tbc  prtHluciiou  was  ut-urly  Ihe  same  far  tbe  Stales  of  California  nml 
Colorado,  the  former  flT.OOO.OOO,  Ibe  latter  a  Utile  In  exceaa  of  Ihfa  amouut.  In  IbW 
Colorado  produced  only  a  Ultle  more  than  $4,000,000. 

SILVER. 

iGometric.  CrjBtals  conimoiilj  distorted,  in  acicular  forms,  reticnlated  or 
arborescent  shapes;  coarse  to  fine  filiform;  aJso  masaive,  in  pistes  or  flattened 
scalei). 

Clcuvagc  none.  Ductile  and  malleable.  Fracture  hackly.  H.  :=  3*5-3. 
G.  =  lU'l-ll  1,  pure  10'5.  Luster  metallic.  Color  and  streak  silTer-white. 
often  gray  to  black  by  tarnish. 

Comp.,  Tar.— Silver,  with  some  gold  (up  to  10  p.  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

Pjrr.,  etc.— B.B.  cd  churcial  fuses  easily  10  a  silver-while  globule,  vblch  io  O.F.  rives 
ft  fiiini  dark-reil  coating oF  tillver  oxide  :  t-rytitallizes  on  cooling;  fudbiliij  about  lOSO' C. 
Soluble  in  nitric  ncid,  and  de^iosiltd  ajiaiu  by  a  plate  of  copper.  Preclpflaled  from  Ms 
sohillmis  by  hydrochloric  acid  in  white  cuitly  forms  of  silver  chloride. 

DiK — Dislinguisbed  by  ils  malliahillly,  color  (011  Ibe  fresli  Burfsce).  nnd  specific  gravlly. 

01».— Kative  silver  oc<-iirH  in  niaeses.  or  in  nrhoresctut  aud  tUlfomi  shapes.  In  Tefiis  trmv- 
ersini;  gneiss,  scbisT,  porphyry,  aud  other  rocks.  Ale"  occum  dissduinaled,  but  usually 
Invisibly,  in  native  roppcr,  gaVna.  (.'hali^octlc,  etc.:  iHielv  iu  volcauir  nsbes  (Hallet). 

The  mines  of  Kungsbevg.  in  I^orway.  Iiiive  afforded  maeuillceiit  specimens;  alao  Ihe 
Siixou  mines;  occurs  inBiiheiniii  ni  Pfibiani  nnd  Joachimsibnl;  st  Andreasbirg;  Hungniy; 
Allcinont.  Daupliine:  in  the  Unil  near  Berczov;  iu  Ihe  Allai.  al  Znieov;  and  in  c«me  of  ihe 
Coniisb  mines.  In  Durunun,  Sinaloa.  uud  Sononi,  in  Mexico,  uie  noled  mines  affording 
Dative  silver;  iibundant  in  Peru. 

In  Ibe  United  States  disseminated  ihrougli  1 

aud  ul  Purl  Arthur,  Luke  Superior.    Occurs  in  .   __ _     _  . . _, 

re:  In  California,  sparingly;  In  Silver  Uounlain  dlsirkt,  Alpine 
_  J.:  in  the  Marls  vein.  In  Ixis  Anpele«  Co.  In  Cclomdo,  at  many 
liicalllics.  cspeclHllr  with  argintiferouB  ores;  tn  Moulana,  near 
Butte.  Silver  Bow'Co..  wiih  manganese  orea.  In  Arizona,  at  Ibe 
Silver  EIng  mine,  and  wiib  avgcniiferous  ores  elsenbere. 


OOPPEIR. 

Isometric,     The  tetra hexahedron    the  most  common 
form  (Fig.  .i8T);  also  in  octahedral  plates.    Crystals  often 
irregularly  distorted  and  passing  into  twisted  and  wire- 
like forms:  filiform  nnd  arborescent.     Massive;  as  sand. 
B  =  (4101  Twins:  tw.  pi.  n.vpry  common,  often  flattened  or  elongated 

to  fipcar-shaped  forms.     Cf  pp.  131,  13?. 

Clenvape  none.  Fracture  hackly.  Highlyductile  and  malleable.  H.=  2-5-3. 
fl.  =  8  8-8-9.  Luster  metallic.  Color  copper-red.  Streak  metallic  shining. 
Opaque.     An  excellent  conductor  for  heat  and  electricity. 

Comp.— Pure  copper;  often  containing  some  silver,  bismnth,  mercury,  etc 
Pyi^  ala— B.B.  (uses  readily;  on  cooling  become*  covered  wiUi  a  conting  of  black 
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oxide.  Dissolves  readily  in  nitric  acid,  giving  off  red  nitrous  fumes,  and  produces  a  deep 
azurc-bhie  solution  with  ammouin.     Fusibility  780"  C. 

Obs.— Copper  occurs  in  beds  and  veins  accompanying  its  yarious  ores,  especially  cuprite, 
malaicliite,  and  azurite;  nlso  with  the  sulphides,  chalcopyrite,  chulcocite,  etc.;  often 
abundant  in  the  vicinity  of  dikes  of  igneous  rocks;  also  in  clay  slate  uud  saudstone. 

Occui-s  at  Turinsk,  in  the  Ural,  in  fine  crystals;  at  Nizhni  Tagilsk  and  elsewhere; 
Sil>eria.  In  Germany,  at  the  Fried ricbssegen  mine,  Nasstiu.  Common  in  Cornwall. 
Brazil,  Chili,  Bolivia,  and  Peru  afford  native  copi)er.  In  South  Australia  abundant  at 
Wallaroo;  in  New  South  Wales. 

Occurs  native  throughout  the  red  sandstone  region  of  the  e  istern  United  States,  spar- 
ingly in  Massachusetts,  Conneciicui.  and  more  abundantly  in  New  Jersey.  Near  New 
Haven.  Conn.,  a  mass  was  found  in  the  drift  weighing  nearly  200  pounds;  smaller  isolated 
mai^ses  have  also  been  found.  The  Lake  Superior  copper  region,  near  Keweenaw  Point, 
in  northern  Michigan,  is  the  most  important  locality  in  the  world.  The  copper  is  obtained 
pnicttailly  all  in  the  native  state,  sometimes  in  immense  masses,  and  is  obtained  over  an 
area  200  miles  in  length.  It  occurs  in  both  amy^daloidal  dolerite  and  sandstone,  near  the 
junction  of  these  two  rocks;  associated  with  calcite,  prehuite,  datolite,  analcite,  etc.;  also 
distributed  widely  in  grains  through  the  sandstone.  Occurs  sparingly  in  California.  In 
Arizona,  common  at  the  Copper  Queen  mine,  Cochise  Co.;  also  in  Grant  Co.,  N.  Mexico, 
at  the  Santa  Rita  and  other  mines. 

BCXIROURT.    Quicksilver.     Gediegen  Quecksilber  Germ, 

In  small  fluid  globules  scattered  through  its  gangue.     O.  =  13596.    Lus- 
ter metallic,  brilliant.     Color  tin-white.     Opaque. 

Comp. — Pure  mercury  (Hg);  with  sometimes  a  little  silver. 

"Pyx.^  etc.— B.B.  entirely  volatile,  vaporizing  at  350"*  C.  Becomes  solid  at  —40*  C, 
crystJillizing  in  regular  octahedrons  with  cubic  cleavage;  G.  =  14*4.  Dissolves  in  nitric  acid. 
'  Obs. — Mercury  in  the  metallic  state  is  a  rare  mineral,  and  is  usually  associated  with  the 
sulphide  cinnabar,  from  which  the  supply  of  commerce  is  obtained.  The  rocks  affording 
the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.  Also 
found  in  connection  with  hot  springs.     Sec  cinnabar. 


Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H.  =  1'6.  G.  =  1137, 
Ilarstig  mine.     Luster  metallic     Color  lead -gray.     Opaque. 

Comp. — Nearly  pure  lead ;  sometimes  contains  a  little  silver,  also  antimony, 

P3nr. — B.B.  fuses  easily,  coating  the  charcoal  with  a  yellow  oxide  which,  treated  in 
R  F.,  volatilizes,  giving  an  azure  blue  tinge  to  the  flame.  Fusibility  330^  C.  Dissolves 
ea»iiy  in  dilute  nitric  acid. 

Oba. — Of  nire  occurrence.  Found  at  Pajsberg,  Harslig.  and  L&ngban  in  Sweden; 
similarly  at  Nordmark;  also  in  the  gold  wa.shings  of  the  Ural;  reported  elsewhere,  but 
](tcaliticK»  often  doubtful.  In  the  U.  S.,  occurs  at  Breckinridge  and  Gunnison,  Colorado; 
Wood  Utver  district,  Idaho. 

AMAIiOAJS. 

Isometric*  Common  habit  dodecahedral.  Crystals  often  highly  modified 
(Fig.  100,  p.  39).     Also  massive  in  plates,  coatings,  and  embedded  grains. 

Cleavage:  d  in  traces  Fracture  conchoidal,  uneven.  Rather  brittle  to 
malleable.  H.  =  3-3*5.  G.  =  13*T5-14'1.  Luster  metallic,  brilliant.  Color 
and  streak  silver-white.     Opaque. 

Comp. — (Ag,Hg),  silver  and  mercury,  varying  from  Ag,Hg,  to  Ag,.Hg. 

Var,— Orctfnafy  amalgnm,  AgsHgs  (silver  26  4  p.  c  )  or  AgHg  (silver  H50):  also 
AgftHgt.  etc.  Arquerile.  Ag.iHg  (silver  86-6';  G.  =  10  8;  mallenble  uud  soft.  Kongs- 
bergite,  AgstHg  or  Agt«Hg. 

Pyr.,  eto. — B.B.  on  charcoal  the  mercury  volntilizes  nnd  n  trlobule  of  silver  is  left  In 
the  cfoaed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute 
globules.     DiMOlves  in  nitric  acid.     Uubbed  on  <  opper  it  drives  a  silvery  luster. 

Obk^From  the  Pklatinate  at  Moschellandsbcrg;  at  Friedrichssegen,  Nassau;    from 
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Bala,  Sweden;  Eongsberg,  Norway;  Allemout,  Dauphin^;  AlmadeD,  Spain;  Chili;  Vitalle 
Creek,  Br.  Columbia  {arquerite). 

Tin.  Native  tin  has  been  reiwrletl  from  several  localities.  The  only  oocurrence  faitly 
above  doubt  is  that  from  the  washings  ut  the  headwaters  of  the  Clarence  river,  near 
Oban,  New  South  Wales.  It  has  been  found  here  in  grayish-wliite  rounded  grains,  with 
platinum,  iridosmiue,  gold,  caasiterite,  and  corundum. 


Platinum-Iron  Group. 
PLATINUBA. 

Isometric.     Crystals  rare;  usually  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  ductile.  H.  =  4-4*5. 
G.  =  14-19  native;  21-22  cbem.  pure.  Luster  metallic.  Color  and  streak 
whitish  steel-gray;  shining.     Sometimes  magnetipolar. 

Comp. — Platinum  alloyed  with  iron,  iridium,  osmium,  and  other  metals. 

Most  platinum  yields  from  8  to  15  or  even  18  per  cent  of  iron,  0*5  to  2  p.  c.  palladium, 
1  to  8  p.  c.  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0*5  to  2  p.  c.  or  more  of 
copper. 

Var.— 1.  Ordinary.  Non-magnetic  or  only  slightly  magnetic.  G.  =  16*5-18'0  moeily. 
2.  Magnetic,  G.  about  14.  Much  platinum  is  mngnettc,  and  occasionally  it  has  polarity. 
The  maguetic  properly  seems  to  be  connected  with  high  percentage  of  iron  (iron-puitluum, 
Eisenplatin  Germ.),  although  this  distinction  does  not  hold  without  exception. 

Pyr.,  etc. — B.B.  infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  he  obtained.  Soluble  only  in 
heated  uitro- hydrochloric  acid. 

DifiL — Distinguished  by  its  color,  malleability,  high  specific  gravity,  Infusibllity  and 
insolubility  in  ordinary  acids. 

Obs. — Platinum  was  first  found  in  pebbles  and  small  grains,  associated  with  iridium, 
gold,  cliromite,  etc.,  in  the  alluvial  deposits  of  the  river  Pmto,  in  the  district  of  Choco, 
Colombia,  8.  America,  where  it  received  iis  name  plaiina  (platina  del  Pinto)  from  plata, 
silver.  In  Russia  (discovered  in  1822)  occurs  in  alluvial  material  in  the  Ural  at  Nizhni 
Tagilsk,  and  with  chroraite  in  a  serpentine  probably  derived  from  a  peridolite;  also  in  the 
Goroblagodatsk  district.  Also  fr>uud  on  Borneo;  in  New  Zealand,  from  a  region  charac- 
terized by  a  chrysolite  rock  with  serpentine;  in  New  South  Wales,  in  the  Broken  Hill 
district,  and  in  gold  washings  at  various  points. 

In  CaliforniH.  in  the  Klamath  region,  at  Cape  Blanco,  etc.,  not  abundant;  in  the  gold 
washings  of  Cherokee,  Butte  Co  ;  at  St.  Fi-au9ois.  Beauce  Co.,  Quebec;  at  several  points 
in  Briiish  Columbia. 

Iridium.  Platin-iridium.  Iridium  with  platinum  and  other  allied  metals.  Occurs 
usually  in  angular  grains  of  a  silver-white  color.  H.  =  6-7.  G.  =  22-6-22*8.  With  the 
platinum  of  the  Urals  and  Brazil. 

IRIDOSMINE.    Osmiridium. 

Rhombohedral.     Usually  in  irregular  flattened  grains. 
Cleavage:    c   perfect.     Slightly   malleable   to   nearly   brittle.     H.  =  6-7. 
G.  =  19-3-21'12.      Luster  metallic.      Color    tin-white    to    light  Bteel-gray. 

Opaque. 

Comp.,  Var. — Iridium  and  osmium  in  different  proportions.  Some  rhodium, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.— 1.  Nevyanskite.  H.  =7:  G.  =  18-8-19  5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  iridium.  2.  Siserskite.  In  flat  scales,  often  six-sided,  color  grayisli  white,  steel- 
gray.     G.  =  20-21-2.     Not  over  30  p.  c.  of  iridium.     Less  common  than  the  light-colored 

▼ariet  v 

Diff.— Distinguished  from  platinum  by  greater  hardness  and  by  its  lighter  color. 

Obn.— Occurs  with  platinum  in  South  America;  in  the  Ural  mountains;  in  auriferoas 

drift  in  New  South  Wales.     Rather  abundant  in  the  auriferous  beach-sands  of  northern 

California. 


n(!).     From  Tilkerodc  ill  Ibe 


rf.     Fractni 
LtiBtei'  metallic.     Color  atui 


Native  klbmhnts. 

hdium.— Pall»t)hiiii,  alloyed  wlil>  a  litiU-  plniiuii.n  m 

f'6-5.     O.  =  11  3-ll'8.     Ctilor  wlillisli  stsel  grnjf,     Oi 
'■nttfrom  Ibo  Urnls. 

AllopaUadium.    PallsdiuTn  uuder  ibe  rhouibolieilml  syat 
Hart,  iu  BULiill  beaagutinl  lables  wiih  golil, 

IBON. 

Isometric.     Usually  maasive,  mrely  in  orystalH. 

Cleavage:    n   perfect;    also  a  lamellar  structure  || 
hackly.    MiilleaJ.le.    H.  =  4-5.     G.  =  73-7-8.     ' 
gray  to  iron-black.     Strongly  magnetic. 

Vtx. — 1.  Terrsilrial  Iron.     Foiiod  In  ninssca,  occaBioDally  of  great  size,  as  wel 
small  eiiibeUded   parllcies,   In   biisnlt  at  filaarjeld.  Oiifak  (orUlfnk),  Disko  lalaiKt, 
Gneulniid;  kIki  elaewliere  on  Ibe  same  coasl.     This  Irou  conUiiiis  I  lo  2  p.  c.  ot  Ni.     Some 
oibcr  oociirreucei,  usiiallr  c1b«sc<1  na  meteoric,  mny  b«  in  (act  lerrestrlnli  e.g..  ibc  Santa 
Calbririun  Imii  or  Brazil  dlscoTered  In  1875. 

A  nlckeliferoiis  metallic  Iron  (FeNi,)  called  aauruilt  occurs  (□  rlic  drift  or  ibu  Gorge 
rffur.  vrliicU  euipUes  iulo  Ananiii  Bay  on  llie  west  coast  of  tlie  soutb  Isliiad  of  Nuw 
Zeiilanil ;  nasociateil  wltb  gold,  platiuum.  CAisllerite,  cbrondle;  probably  derived  ttoiti  a 
pantnlly  scrpentlnlEcd  peridollte.  Jotephinite  is  a  ulcki>l-iroD  (FeiNii)  from  Oregon, 
occurring  iu  stream  gntvel  Nulive  Iron  also  occurs  sparingly  iu  £oine  basalts;  reported 
from  gold  or  platinum  washings  at  vsrious  poiula, 

i.  M«t«orlc  Iron.  Native  iron  abo  occurs  In  most  meleorites,  foi'ming  Iu  some  cases 
(•>)  the  etitire  mass  (irun  tuetarritfn  ;  also  (b)  as  a  spongy,  cellular  matrix  in  ivbicb  are 
c  nbeddi'dgrfllDHof  c1iryMiliteurotbertlUc»ii.'8,«u(^r02flf«);  (e)iD  grains  or  scalesdisseiuiiiHled 
more  or  Icaa  freely  Ibrouglioul  aslony  miilrix  {meteoric  ^.^j 

tlonsn).  Rarely  a  meteorite  consisis  of  a  single  crystal' 
lluu  IndlTldiial  (BMimau)  wllb  numerous  tvinuing 
lamcllw  I  c  Cubic  cl enrage  sumelimea observed;  also 
an  ocikbulral,  less  often  dodeoilieiinil  lamellar  struc- 
ture. Etcliiiig  wllli  dilute  nitric  ncid  (or  i(idine) 
comninnly  d"V(-lops  a  crystalline  stniPlure  (callea 
WidmnnimUeii  fy/ura)  (Fig.  588);  usually  conalaiiug 
of  lines  or  tiauds  crossing  at  various  nnglcfi  nct-iirdiiig 
to  the  dlrecllon  of  tbe  section,  at  60'  if  | »,  90'  |  a.  etc. 
Tlicy  are  formed  by  ilie  edges  of  crysialline  plaios. 
usually  I  0.  of  the  Dickellferous  iron  of  different  com- 
posittcin  {kavtofiU.  btnitt,  pUuite),  ns  slmwn  by  ilie 
fact  (bat  tlifv  arc  differently  attacked  by  Ibe  acid. 
Irou*  wilb  ruble  structure  and  willi  twinning  laniellje 
{t.g..  Bniunau)  bare  n  series  of  flaelinea  corri-spond- 

Ing  to  lUoM  developed  by  etching  {Neum.inn  ««».),  GloHeu  Ml     N,  .v  M,-«i,  a 

A  damascene  iuilor  is  also  produced   in  some  cases.  UlorlelaJli.,  N.i>  .Mixuo. 

due  to  quadrilateral  depressions.     Some  Irons  show  no  distinct  crystalUui:  ainiclure  upoa 
etcbliig. 

Tbe  eilcrior  ot  masses  of  meteoric  irnu  Is  usually  more  or  less  deeply  pitted  with 
rouodcit  lliumblike  depressinun,  and  tbe  surface  at  the  lime  of  full  Is  covered  wi  b  n  Him  of 
irno  oxide  in  fine  ridges  sliowlng  tinea  of  How  due  lo  the  melliu^  caused  by  tliu  beat 
itevelojied  by  the  retistiioce  of  the  air;  ibta  lilm  disnppenra  when  ihe  iron  is  I'Xposed  lo  lliB, 
weather. 

Hcteorio  Iron  is  always  alloyed  with  nickel,  wbicb  la  usually  present  in  umouni 
from  5  tn  10  p.  c.  Eometimes  much  more;  small  amounts  of  other  meials,  i 
uiaosnuiese,  tin,  copper,  cbromfum,  are  also  often  pTescal.     Occluded  gases  ciu 
be  deieclad.     Graphite,  In  seams  or  nodules,  aUo  iroillie  (iron  sulphide),  schrcibersite  (In) 
uioki:!  phosphide)  ar«  common  tu  uiasK's  of  meteoric  Iron;  diamond,  daubreelile,  f*~     ~ 
rare.    OohmiU,  sometimes  identiiied.  Is  (Fe.X].Co)9C  iu  tin-white  crystals. 


I 
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n.    SXTIiFHIDES,    SEIiENIDES,   TEIjIiITRIDES,   ARSENIDESi 

ANTIMONIDES. 

The  sulphides,  etc ,  fall  into  two  Groups  according  to  the  character  of  the 
positive  element. 

I.  Sulphides,  Selenides,  Tellurides  of  the  Semi-Metals. 

II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 
the  Metals. 


I.  Sulphides,  etc.,  of  the  Semi-Metals. 

This  section  includes  one  distinct  group,  the  Stibnite  Oroup^  to  which 
orpiment  is  related ;  the  other  species  included  stand  alone. 


RBAIiOAR. 

Monoclinic. 

689. 


Ares  d:t:i  =  1*4403  :  1  :  0-9729;  /5  =  66°  5'. 

f»m'",  110  A  110  =  105"  34'.  rr*.  012  a  0i2  =  47"  ST. 

Crystals  short  prismatic;  striated  vertically.  Also  granular, 
coarse  or  fine;  compact;  as  an  incrustation. 

Cleavage:  b,  rather  perfect.  Fracture  small  conchoidal. 
Sectile.  H.  =  1*5-2.  G.  =  3*556.  Luster  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from  orange-red 
to  aurora-red.     Transparent — translucent. 

Comp. — Arsenic  monosulphide,  AsS  =  Sulphur  29 '9,  arsenic 

701  =  100. 

Pyr.,  etc.— Id  the  closed  tube  melts,  volatilizes,  and  gives  a  Iraos- 

|T       '  parent  red  sublimaie;  in  tbe  open  lube  (if  beated  very  slowly)  sulphurous 

6j   S-  funies,  and  a  while  crystalline  sublimate  of  arsenic  trioxide.     B.B.  on 

charcoal  burns  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in 

cuuHtic  alkalies. 

Oba.— Often  associated  with  orpiment:  occurs  with  ores  of  silver  and  lead,  at  FelsObanya 
and  Kapnik,  Hunptiry:  Nagyiig;  Joachimslhnl:  Schnecberg;  Andreasberg;  Binoenthal, 
Svsitzerland,  in  dolomite;  near  Julamerk  in  Kurdistan.  In  the  U.  S.,  in  Iron  county, 
Utah;  also  in  California,  San  Bernunlino  Co.;  Trinity  Co.,  In  calcitc.  Norris  Geyser  Basin, 
Yellowstone  Park,  as  a  deposition  from  the  hot  waters.  The  name  realgar  is  from  the 
Arabic  liahj  ai  ghftr,  powder  of  the  mitie, 

ORPIMENT. 

Monoclinic*     Axes  «  :  i  :  ^  =  1*2061  :  1  :  0-6743,  p  =  90^  approx. 

Crystals  small,  rarely  distinct.  Usually  in  foliated  or  colnmnar  masses; 
sonietunes  with  reniform  surface. 

Cloavaj^e:  b  highly  perfect,  cleavage  face  vertically  striated;  a  in  traces; 
gliding-i)lane  6*  (OOi).  Sectile.  Cleavage  lam ince  flexible,  inelastic.  H.  =  1*5-2. 
(J.  =  3-4-3-5.  Luster  pearly  on  //  (cleavage);  elsewhere  resinous.  Color 
Ipmon-yollow  of  several  shades  ;  streak  the  same,  but  paler.  Subtransparent — 
siibtranslucent. 

Comp. — Arsenic  triBulphide>  As,S,  =  Sulphur  39*0,  arsenic  610  =  100. 

*  See  Groth,  Tab.  Ueb..  17,  1896.  The  fine  crystals  from  Mercur,  Utah,  an  diHiocUy 
luouocliDic  in  habit  (Peofield). 
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Pyr^  etc. — Id  the  closed  mb«,  fuees,  volntiUzej,  aud  gives  a  dark  yellow  aublluiaiei 
oUier  reacttona  Ibe  same  aa  under  realgar.     Biasolvea  !□  aqua  regia  aud  caustic  alkala-B. 

DUL — Dteifugulsbed  by  fu  fine  yellow  color,  pearij  lusier,  easy  cleaTage,  aiid  flextbiKiy 
when  lu  pluiM. 

Ofaa. — Occur*  la  aroalt  crystals  in  cluy  at  Tajowa,  In  Upper  Hungary;  tn  foliated  and 
llbroiis  maaeei,  atHoldawalu  tbe  Banal;  at  Kupoik  and  PelsObduyu  In  metnllirerous  veins; 
at  tUe  Solfnliira  near  Naples.  Near  Julamcrk  iii  Kurdistan  a  large  Tiirkltiii  miue.  Oiciira 
with  realgar  in  seiiuis  lu  compiict  ciny  beneath  lava  iu  Iron  criitnty,  Utah;  alsu  Duely 
cryilallized  ai  Mercur.  Among  tbe  deposits  of  tbe  Sleambout  SpringB,  Nevada;  also  witli 
realgar  In  the  Yellowstone  Park. 

The  name  orplment  is  a  corruption  of  its  Laliti  name  auripigmentiim.  " gclden  paint." 
given  Id  allusion  to  tbe  color,  and  al^o  because  tbe  substance  was  sup|)osed  lo  coulalu  gold. 


Stibnite  Group. 

a 

b:i 

Stibnite 

Sb,S. 

0-9926 

1  :  10179 

Bismuthinite 

Bi,S, 

0-9679 

1 :  09850 

OnanBJoatite 

Bi.Se, 

1 

1  approx. 

The  species  of  the  Stibtitte  Group  cryBtallize  in  the  orthorhombic  system 
and  have  perfect  brachydisgonal  cleavage,  yielding  fiexible  lamince. 

The  speck's  orplment  is  lu  pliysical  properties  somewbat  reliited  lo  slibnlte.  but  seems 
to  be  monocliulc  in  crystalllzatiuu,  Grolh  notes  tbat  the  oxide,  Aa,Oi.  is  inonoclinic  In 
claudellla,  while  tbe  corresponding  compound,  Sb,0)(valentiuite).  isoitborUombIc;  further 
lie  remarks  on  Ibe  relntlou  in  form  aud  physical  cbaraclers  between  orplment  and  cluudetile. 

VnBtXrm.    Antimonlte,  Antimony  Qiance,  Gray  Anlimouy,  Autlmonglaaz  Oerm. 
Orthorhombic.     Axes  ii:l:i=  0'9926  ■  1  :  10179. 


mm"',  110  A  li0  =  89*84'. 
pjf.     Ill  A  in  =  71'  241'. 

m'.     118  A  its  =  89°sai'. 

<»■",    118  A  li8  =  85'  86'. 


a>^ 


bv.  010  A  181  =  85°   S*. 

617,  010  A  SS8  =  40*  lOi'. 

ir.  010  A  848  =  «•  88". 

bp.  010  A  111  =  54*  8«'. 

Cryatals  prismatic;  striated  or  furrowed  vertically;  often  curved  or  twisted 
(cf.  p.  148).      Common   in   con-  ^jq.  691.  593. 

fnsea  aggregatea  or  radiating 
groups  of  acicnlar  crystals;  mas- 
sive,  coarse  or  fine  columnar,  less 
often  granular  to  impalpable. 

Cleavage:  ft  highly  perfect. 
Slightly  sectile.  Fracture  small 
BUMonchoidal,  H.  =2.  G.  = 
4-52-4*62.  Luster  metallic,  highly 
splendent  on  cleavage  or  fresh 
crystalline  surfaces.  Color  and 
streak  lead-gray,  inclining  to 
steel-gray:  subject  to  bliickish 
tarnish,  sometimes  iridescent. 

Cenp. — Antimony   trisulphide, 
Sb,8,  =  Sulphur  286,   antimony   71-4  = 
argentiferoQB. 

PjT-  •tO'— Fnaea  very  easily  (at  1).  coloring  the  flame  greenish  blue.  In  ihe  open  tube 
•olphufmis  fflO.)  and  antlmonial  (chiefly  Bb.O*)  fumes,  the  latter  condensing  as  a  while 
anUlflute  wUab  B.B.  b  Don- volatile.    On  charcoal  fuwe,  spnade  out,  give*  sulphurous 


Caliromla. 


Hungary.  Jaiuin. 

Sometimes   auriferons,  also 
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fumes,  and  coaU  tb«  coal  wbite  with  oxide  of  antimony;  this  coating  treated  in  R.  F. 
volatilizes  and  tinges  the  flame  greenish  blue.  When  pure  perfectly  soluble  in  hydrochloric 
acid:  in  nitric  acid  decomposed  with  separntion  of  autiniouv  pentozide. 

Di£f^— Distingtushed  (e,g,,  from  gulenu)  by  cleavage,  color,  softness;  also  by  its  fusibil- 
ity and  other  blowpipe  characters.  It  is  harder  than  graphite.  Resembles  sometimes 
certain  of  the  rarer  sulphantimouites  of  lead,  but  yields  no  lead  coating  on  charcoal. 

Obs. — Occurs  with  (luartz  in  beds  or  veins  in  granite  and  gneiss,  often  accompanied 
with  yurious  other  antimony  minerals  produced  by  its  alteration.  Also  associated  in 
metalliferous  deposits  with  sphalerite,  galena,  cinnabar,  bariie,  quartz;  sometimes  uccom- 
punies  native  gold. 

Occurs  at  Wolfsberg,  in  the  Har7.;  Braunsdorf,  near  Freiberg:  Pribram;  Caspnrizeche, 
near  Arnsberg,  Westphalia;  Fe1s6b&uya.  Hungary;  in  Cornwall,  abundant  Also  abundant 
in  Borneo;  in  Victoria  and  New  South  Wales.  Groups  of  lar^e  splendent  crystals  have 
come  from  the  antimony  mines  in  the  Province  of  lyo,  island  ofShikoku,  Japan. 

In  the  United  States  occurs  as  a  vein  of  some  extent  in  Sevier  county.  Ark.;  In  Cali- 
fornia at  San  Emigdio,  Kern  county,  and  near  Alta,  Benito  Co.;  in  the  Humboldt  mining 
region  in  Nevada;  in  Iron  coiintv,  Utah.  In  New  Brunswick  in  Prince  William.  York 
county,  20  m.  from  Fredericton;  in  Rawdon  township,  Hants  Co.,  N.  S. 

Metastibnite.  An  amorphous  brick-red  deposit  of  antimony  trisulphide,  SbsSs,  oc- 
currini^  with  cinnabar  and  arsenic  sulphide  upon  siliceous  sinter  at  Steamboat  Springs, 
Washoe  Co.,  Nevada. 

BISM U TUINITE.    Bismuth  Glance.     Wismutbglanz  O&rm, 

Orthorhonibic.  Rarely  in  acicular  crystals,  mm'^'  =  88®  8'.  Usually 
massive,  foliated  or  fibrous. 

Cleavage:  b  perfect.  Somewhat  sectile.  H.  =  2.  G.  =  6'4-6'5.  Luster 
metallic.  Streak  and  color  lead-gray,  inclining  to  tin-white,  with  a  yellowish 
or  iridescent  tarnish.     Opaque. 

Comp. — Bismuth  trisulphide,  Bi,S,  =  Sulphur  18  8,  bismuth  81*2  =  100. 
Sometimes  contains  a  little  copper  and  iron. 

Pjrr.,  etc.— Fusibility  =  1.  In  the  open  tube  sulphurous  fumes,  and  a  white  sublimate 
wliicli  H.B.  fuses  into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  cliar- 
comI  nt  fli-st  gives  sulphurous  fumes:  then  fuses  with  spirting,  and  coats  the  coal  with 
Yi'llow  bismuth  oxide;  with  potassium  iodide  a  bright  red  coating  of  bismuth  iodide  is 
obtained.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting 
with  water. 

Obs. — Found  at  Brandy  Gill.  Carrock  Fells,  in  Cumberland;  near  Redruth,  etc.  In 
Prance  at  Meymac,  Corr^ze;  at  Johanncreorgenstadt,  Schnceberg;  at  Wittichcn,  Baden;  at 
Riddarhyttan.  Sweden;  near  Sorata.  Bolivia. 

Ill  the  U.  S.,  occurs  with  gold  in  Rowan  Co.,  N.  C,  at  the  Bamhardt  vein;  sparingly 
at  Willimantic,  Conn.;  abundant  in  Beaver  Co  .  Utah. 

Ouanajuatite.      Frenzelite:    Selenwismuthcrlanz    Germ.      Bismuth    selenide,    Bi,8es, 
sometimes  with  a  small  amount  of  sulphur  replacing  selenium.     In  acicular  crystals;  also 
massive,  granular,  foliated  or  fibrous.     Cleavage:  b  distinct.     H.  =  2-5-8-5.    'G.  =  6  25- 
•  6  6i.     Luster  metallic.     Color  bluish  gray.     From  the  Santa  Catarina  mine,  near  Guana- 
juato, Mexico. 


-TBTRADYBnTB.    Tellurwismuth  Oerm. 

Riiombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  forms, 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Laminae  flexible;  not  very  sectile.  H  =  1-5-2; 
soils  paper.     6.  =  7*2-7-6.     Luster  metallic,  splendent.     Color  pale  steel-^ray. 

Comp.,  Tar.— Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi,(Te,S),. 

Var.— 1.  FrMfram  iulphur.    BitTci  =  Tellurium  481,  bismuth  61  ••.    Q.  m  7-643  from 
J>ablonega.    Var.  2.  Sulphurow.    2BisTet.Bi,Ss  =  Tellurium  86*4.  sulphur  4*8,  bismuth 
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59  0  =  100.  This  Is  the  more  common  variety  and  includes  tbe  tetradymite  of  Uuidinger 
in  crystals  from  Scbubkati. 

Pyi^.— In  the  open  tube  a  white  sublimate  of  tellurium  dioxide,  which  B.B.  fuses  to 
colorless  drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilizes;  tinges  the 
R.F.  bluish  green;  coats  the  coul  at  first  white  (Ted),  and  finally  orange-yellow  (BiaOs); 
some  varieties  give  sulphurous  and  selenous  odors. 

Obfl. — Occura  at  Schubkau  near  Scheninitz;  Rezbanya;  Orawitza  in  the  Banat;  Telle- 
mark  in  Norway;  Btistuaes  mine,  near  Riddurhyttnn,  Sweden.  In  the  U.  8.,  in  Virginia, 
at  the  Whitehall  gold  mines,  SpotUylvauia  Co.;  in  Davidson  Co..  N.  C,  and  in  the  gold 
washings  of  Burke  and  McDowell  counties,  etc. ;  similarly  in  Montana.  At  the  Montgomery 
mine.  Arizona.  Named  from  TerpacdviLioi,  fourfold,  in  allusion  to  complex  twin  crystals 
sometimes  observed. 

Joaeite.— A  bismuth  telluride  (Te  80  p.  c,  also  S  and  Se).     G.  =  7  9.     San  Jos^,  Brazil, 

Wehrlite.  A  foliated  bismuth  telluride  (Te  80  p.  c.)  of  doubtful  formula.  G.  =  8'4. 
Deutsch-Pilsen,  Hungary. 

MOLTBDENTTE.    Molybdftnglanz  Oerm. 

GryBtals  hexagonal  in  form,  tabular,  or  short  prisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  massive  or  in  scales;  also  fine 
granular. 

Cleavage:  basal  eminent.  Laminsd  ver^  flexible,  but  not  elastic.  Sectile. 
fl.  =  1-1'5.  G.  =  4 •7-4*8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
gray  trace  on  paper.    Opaque.     Feel  greasy. 

Coinp. — Molybdenum  disulphide,  MoS,  =  Sulphur  400,  molybdenum  60*0 
=  100. 


^  r.,  etc. — In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molybdenum  trioxide  (MoOt).  B.B.  in  the  forceps  infusible,  imparts  a  yellowish-green 
color  to  the  flame;  on  charcoal  the  pulverized  mineral  gives  in  O.F.  a  strong  odor  of  sul- 
phur, and  coats  the  coal  with  crystals  of  molybdic  oxide,  yellow  while  hot,  wliile  on  cool- 
ing; near  the  assay  the  coating  is  copper-red,  and  if  the  white  coating  be  touched  with  an 
intermittent  R.F.,  it  assumes  a  lieautiful  azure-blue  color.  Decomposed  by  nitric  acid, 
leading  a  white  or  grayish  residue. 

JM, — Much  resembles  graphite  in  softness  and  structure  (see  p.  273),  but  has  a  bluer 
trace  on  paper  and  readily  yields  sulphur  on  charcoal. 

Oba.— (Generally  occurs  embedded  in,  or  disseminated  through,  granite,  gneiss,  zircon- 
syeoite,  granular  limestone,  and  other  crystalline  rocks.  At  Numedal,  Sweden;  Arendal 
and  Laurvlk  in  Norway;  Altenberg,  Saxony;  Zinnwald,  Bohemia;  near  Miask,  Urala; 
Cbessy  in  France;  in  Italy,  at  Traversella;  Carrock  Fells,  in  Cumberland;  at  several  of  the 
Cornish  mines. 

In  Maine,  at  Blue  Hill  Bay;  in  Conn,,  at  Haddam.  in  gneiss;  in  Vermont,  at  Newport; 
In  N  Hafnp$hire,  niWesimoreihnd;  in  N.  Fork,  two  miles  f:outhenst  of  Warwick;  in  Penn., 
in  Chester,  near  Reading;  near  Concord,  Cabarrus  Co..  N.  C.     In  Canada,  at  St.  Jer6me, 

8iuebec;  in  large  crystals  in  Renfrew  county,  Ontario;  also  in  Aldfield  township,  Pontiac 
o.,  Quebec. 
Named  from  noXvfiSoi,  lead;  the  name,  first  given  to  some  substances  containing  lead, 
later  included  graphite  and  molybdenite,  nnd  even  some  compounds  of  antimony.     The 
distinction  between  graphite  and  molybdenite  was  established  by  Scheele  in  1778-79. 

IL  Snlpliidefi  Selenides,  Tellurides,  Arsenides,  Antimonides  of 

the  Metals. 

Tbe  sdlphides  of  tbis  second  section  fall  into  fonr  divisions  depending 
npon  the  proportion  of  the  negative  element  present.  These  divisions  with 
tbe  groaps  belonging  to  them  are  as  follows: 
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A.  Basic  Division. 

I  n 

B.  Monosulphides,  MonotellurideSi  etc..  B,S,  BS,  etc 

1.  Galena  Gronp.    Isometric,  normal  group. 

2.  Chalcocite  Group.     Orthorhombic. 

3.  Sphalerite  Gronp.     Isometric-tetrahedral. 

4.  Cinnabar— Wurtzite—Millerite  Group.    Hexagonal  and  rhombohedral 

C.  Intermediate  Division. 

Embraces  Melonite,  Te,S,;  also  Bornite,  3Cu,S.Fe,S,;  Linnseite,  CoS.Co,S,; 
Chalcopyrite,  Cu,S.Fe,S,;  etc. 

D.  Disulphides,  Diarsenides,  etc.,  BS,,  BAs,,  etc 

1.  Pyrite  Group.     Isometric-pyritohedral. 

2.  Marcasite  Group.     Orthorhombic. 


A.  Basic  Division. 


The  basic  division  embraces  several  rare  basic  componnds  of  silver  or  copper 
chiefly  with  antimony  and  arsenic.  Of  these  the  crystallization  of  dyscrasite 
only  is  known. 

DTSORASITB.    AntimoDsilber  Germ. 

Orthorhombic.  Axes  a  :h  :  i  =  0*5775  :  1  :  0*6718.  Crystals  rare,  psendo- 
hexagonal  in  angles  {mm'"  =  60°  1')  and  by  twinning.  Also  massive.  Frac- 
ture uneven.  Sectile.  H.  =  3*5-4.  G.  —  9'44-9'85.  Luster  metallic.  Color 
and  streak  silver- white,  inclining  to  tin- white;  sometimes  tarnished  yellow  or 
blackish.    Opa()ue. 

Comp. — A  silver  antimonide,  including  Ag.Sb  =  Antimony  27*1,  silver 
72*9  =  100,  and  Ag.Sb  =  Antimony  15-7,  silver  84-3  =  100,  and  perhaps  other 
compounds. 

Analyses  vary  widely,  some  conforming  also  to  AgsS.  Ag4(Sb,As)s,  etc.  By  some 
authors  classed  with  chalcocite. 

Pyr.,  etc.— 6.B.  on  charcoal  fuses  to  a  globule,  coating  the  coal  with  white  aDtimony 
trioxide  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving 
antimony  trioxide. 

Obs.— Occurs  near  Wolfach,  Baden;  Wittichen;  Andreasberg  in  the  Harz;  Allemont, 
Pnince.    Named  from  SvaKpdati,  a  bad  alloy, 

Horsfordite.  A  silver-white,  massive  copper  antimonide.  probably  Cu«Sb  (Sb  24  p.  c). 
G.  =  8*8.     Asia  Minor,  near  Mylilene. 

HuNTiLiTE,  Animikitr.  The  ores  from  Silver  Islet,  Lake  Superior,  apparently  contain 
a  silver  arsenide  (huntilfte.  Ajets  As?)  and  perhaps  also  a  silver  antimonide  (antmiib'te,  AgtSb?), 
the  latter  related  to  or  identical  with  dyscrasite. 

Domeykite. — Copper  arsenide.  CusAs.  Ren i form  and  botryoidal;  also  massive,  dis- 
seminated. G.  =  7-2-7*75.  Luster  metallic.  Color  tin-white  to  steel-my,  readily  tar- 
nishe<i.  From  several  Chilian  mines;  also  Zwickau,  Saxony.  In  N.  America,  with  niccolite 
at  Michipicoten  Island,  L.  Superior. 

Algodonite.  Copper  arsenide,  Cu«As  (As  16*5  p.  c);  G.  =7'62.  Resembles  domeyk- 
ite.    From  Chili;  also  L.  Superior. 

Whitneyite.  Copper  arsenide,  Cu^As  (As  11*6  p.  c).  G.  =  8*4-8*6.  Color  pale  red- 
dish wldte.    From  Houirhton  Co.,  Michigan;  Sonora,  L.  California. 

Chilenite.     Perhaps  Ag«Bi.     Copiapo,  Chili. 

StfttiiU.    A  rare  silver  telluride  (Ag4Te?).    Probably  from  Nagyig. 
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Argentite 

Ag.S 

Jalpaite 

(Ag,Cu).S 

Hessite 

Ag.Te 

Agnilarite 

Ag,Se 

B.  Monosulphides,  Monotellurides,  etc.,  B,S,  RS,  etc. 
1.  Galeua  Group.    Isometric. 

Galena  PbS 

Ako,  (Pb,Cii,)S,  (Cu„Pb)S 

Altatte  PbTe 

ClansthaUte  PbSe 

Hanmaimite  (Ag„Pb)Se 

The  following,  known  only  in  massive  form,  probably  also  belong  here: 

Berzelianite  Cu,Se  Zorgite  (Pb,Cu„Ag,)Se? 

Lehrbachite  (Pb,Hg,)Se  Crookesite  (Cu,Tl,Ag),Se 

Euoairite  Gu,Se.Ag,Se 

The  Galena  Group  embraces  a  number  of  monosnlphides,  etc,  of  the 
related  metals,  silver,  copper,  lead,  and  mercury.  These  crystallize  in  the 
normal  group  of  the  isometric  system,  and  several  show  perfect  cubic  cleavage. 
These  characters  are  most  distinctly  exhibited  in  the  type  species,  galena. 


OAXaENA,  or  Galenite.    Lead  glance.    Bleiglanz  Oerm. 
693.  694.  696. 


696. 


Fracture  flat  snb- 


697. 


Isometric.  Commonly  in  cubes,  or  cu bo-octahedrons,  less  often  octahedral. 
Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi.  o,  both  contact- 
and  penetration-twins  (Figs.  363,  366,  p.  123),  sometimes  repeated;  twin 
crystals  often  tabular  ||  o.  Also  other  tw.  planes  giving  polysynthetic  tw. 
lamellae.  Massive  cleavable,  coarse  or  fine  granular,  to  impalpable;  occasion- 
ally  fibrous  or  plumose. 

Cleavage  :  cubic,  highly  perfect;  less  often  octahedral, 
conchoidaf  or  even.      H.  =  2-5-2-75.      G.  =  7-4-7-6. 
Luster    metallic.     Color  and  streak  pure    lead-gray. 
Opaque. 

Comp.,  Tar. — Lead  sulphide,  PbS  =  Sulphur  13*4, 
lead  86*6  =  100.  Often  contains  silver,  and  occasionally 
selenium,  zinc,  cadmium,  antimony,  bismuth,  copper,  as 
sulphides;  besides,  also,  sometimes  native  silver  ana  gold. 

Var.^-1.  Ordinary,  (a)  CrystAllized;  (b)  somewlint  fibrous 
nod  plumose;  (c)  cleavable,  granular  coarse  or  fine;  {d)  crypto- 
crystaliine.  TTie  variety  wilh  octahedral  cleavage  is  rare;  the 
usual  cubic  cleavage  is  obtained  readily  after  heating  to  200**  or 
800*:  the  peculiar  cleavage  may  be  connected  with  the  bismuth 
usually  present. 

2.  ArgtnifformiK  All  galena  is  more  or  less  argentiferous,  and  no  external  characters 
serve  to  disUDgufsli  the  kinds  that  are  much  so  from  those  that  are  not.  The  silver  is 
delected  by  copellation,  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  $Uver  are. 


p(221),  M(554) 
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8.  CoutalniDg  Hraenlc,  or  antimony,  or  a  compound  of  tbese  metals,  as  impuritj.  Here 
belong  bleischtD^  from  Claustbal  with  0*22  8b,  and  iteinmanniU  from  PHbram,  with  both 
arsenic  aud  uiiliiuouy. 

Pyr. — lu  the  open  tube  gives  sulphurous  fumes.  B.B.  on  charcoal  fuses,  emits  sul- 
phurous fumes,  coats  the  coal  yellow  near  the  assay  (PbO)  and  white  with  a  b]ui>h  border 
at  a  distance  (PbSOs,  chiefly),  and  yields  a  jilobule  of  metallic  lead.  Decomposed  by 
strong  nitric  acid  with  tbe  separation  of  some  sulphur  and  the  formation  of  lead  suipbate. 

Diff. — Distinguisbed.  except  in  very  flne  granular  varieties,  by  its  cubic  cleavage;  tho 
colur  aud  tbe  high  specific  gravity  are  characteristic;  also  the  blowpipe  reactions. 

Obs. — One  of  the  most  widelv  distributed  of  the  metallic  sulphides.  Occurs  lu  beds 
and  veins,  both  in  crystalline  ancf  uucrystalline  rocks.  It  is  often  associated  with  pyrite, 
marcasite,  sphalerite,  cbalcopyrite,  arsenopyrite,  etc.,  in  a  gangue  of  quartz,  calcite,  bnrite 
or  fluoi-ite,  etc. ;  eilao  with  cerussite,  anglesite,  aud  otber  salts  of  lead,  which  are  frequent 
results  of  its  alteration.    It  is  also  common  with  gold,  aud  in  veins  of  silver  ores. 

At  Freiberg  in  Saxony  it  occupies  veins  in  gneiss;  in  Spain,  in  granite  at  Linares,  also 
in  Catalonia.  Grenada,  and  elsewhere;  at  Claustbal  and  Neudorf  in  the  Harz,  and  at 
Pfibram  in  Boheuiia,  it  forms  veins  in  clay  slate;  similarly  in  Styria;  at  Sala  in  Sweden  in 
Teins  in  granular  limestone;  through  the  ^ray wacke  of  Lcadbills  and  the  killos  of  Cornwall, 
in  veins;  filling  cavities  in  tbe  Subcarboniferous  limestone  in  Derbyshire.  Cumberland,  and 
the  northern  districts  of  England;  also  at  Bleiberg.  Carintbia.  In  tbe  English  mines  it  is 
associated  with  calcite,  pearl  spar,  fluorite,  bante,  wiiberite,  calamine,  and  sphalerite. 
Other  localities  are  Joacbimstbal,  Bohemia;  Poulloouen  and  Huelgoet,  Brittany;  Sardinia; 
JS^erchinsk,  East  Siberia;  Australia;  Cbili;  Bolivia,  etc. 

Extensive  deposits  of  this  ore  in  tbe  United  States  exist  in  Missouri,  Illinois,  Iowa,  and 
Wi8cr)U8in.  The  ore  occurs  not  in  veins  but  filling  cavities  or  chambers  in  stratified 
limestone,  of  different  periods  of  tbe  Lower  Silurian,  especially  the  Trenton,  also  in  part 
8ul)carbouiferous.  It  is  associated  with  sphalerite,  sinitbsouite.  calcite,  pyrite.  The 
Missouri  mines  are  situated  in  the  counties  of  Washinfftou,  Jefferson,  Madison  and  othera. 
Good  crystals  are  obtained  at  Joplin.  Jasper  Co.  Also  occurs  in  New  York,  at  Rossis^ 
St.  Lawrence  Co..  in  crystals  with  calcite  and  cbalcopyrite;  in  Maine,  at  Lubec,  etc.;  ia 
Ma$B  ,  at  Southampton,  Newburyport,  etc;  in  Penn.,  at  Phenixville  and  elsewhere;  in 
Virginia,  at  Austins  mines  in  Wytbe  Co.,  aud  otber  places;  in  Tenn.,  at  Haysboro,  near 
Nashville:  in  Jliich.,  in  the  Lake  Superior  copper  district  and  on  tbe  N.  shore  of  L.  Superior: 
in  California,  at  many  of  the  gold  mines;  in  Nevada,  abundant  in  the  Eureka  district;  in 
Aritona,  in  tbe  Castle  Dome,  Eureka,  and  otber  districts.  In  Colorado,  at  Leadville  there 
are  productive  mines  of  argentiferous  galena,  also  at  Georgetown,  the  San  Juan  district  and 
«lsewhere.  Mined  for  silver  in  tbe  Cceur  d'Aldne  region  in  Idaho;  also  at  various  points  in 
Montana. 

Tbe  name  galena  is  from  the  Latin  galena  (yaXifvij),  a  name  given  to  lead  ore  or  the 
<dros8  from  melted  lead. 

CuPROPLUMBiTB.  A  masslvc  mineral,  from  Chili,  varying  in  characters  from  galena  to 
those  of  cbalcocite  and  covellite;  comix)8ition,  CuiS.2PbS(?).  Aliionite  is  massive,  deep 
indigo- blue  quickly  tarnisbing;  corresponds  to  SCuiS.PbS.  From  Mina  Grande,  Chili. 
Wbether  these  and  similar  minerals  represent  definite  homogeneous  compounds,  or  only 
ill-defined  altenitiou-prodiicts.  is  uncertain,  and  if  so  it  is  not  clear  whether  they  should  lie 
classed  with  isometric  galena  or  with  ortborhombic  chalcocitc. 

Altaite.  Lead  telluride,  AgTe.  Rarely  in  cubic  ciTStals,  usually  massive  with  cubic 
cleavage.  G.  =  816.  Color  tin -white,  with  yellowish  tinge  tarnishing  to  bronze-yellow. 
From  the  Altai,  with  hessite;  Coquimbo,  Chili;  California;  Colorado. 

Olausthalile.  Lead  selenide,  PbSe.  Commonly  in  fine  granular  masses  resembling 
galena.  Cleavage:  cubic.  G.  =  7'6-8'8.  Color  lead-gray,  somewhat  bluish.  From  the 
Harz.  at  Claustbal,  etc.;  Cacheuta  mine,  Mendoza.  S.  A.  Tilkerodite  is  a  cobaltiferous  variety. 

Naumannite.      Silver-lead  telluride  (Ag«.Pb)Se.      In  cubic  crystals;    also  massive, 

franular.   in  thin  plates.      Cleavage:    cubic.    G.  =  8*0.      Color  and  streak  iron-black. 
'rom  Tilkerode  in  the  Harz. 

AROENTITE.     Silver  Glance.     Silberglanz  Oerm. 

Isometric.    Crystals  often  octahedral,  also  a,  o;  often  distorted,  freqaently 

fronped    in  reticulated  or  arboreBcent  forms;  also  filiform.     MassiTe;  em- 
edded;  as  a  coating. 
Cleavage :  a,  d  in  traces.    Fracture  small  subconohoidal.    Perfectly  aeotile. 
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L  =  2-2'5.     G.  =  7'20--7-36.     Luster  metallic.    Color  and  streak   blackish 
Bad -gray;  streak  shiuing.    Opaque. 

Comp.— Silver  sulphide,  Ag,S  =  Sulphur  12-9,  silver  87-1  =  100. 

l^yr^  etc. — In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  ou  charcoal  fuses  with 
itumesceuce  iu  O.  F.,  emitting  sulphurous  fumes,  aud  yielding  n  globule  of  silver. 

mL — Distinguished  from  other  sulphides  by  being  readily  cut  with  a  knife;  also  by 
ieldiiig  metallic  silver  on  charcoal. 

Oba.— Found  at  Freiberg.  Joachimstbal,  etc.;  Schemnitz,  Hungary;  in  Norway  near 
[oDgaberg;  iu  the  Altai;  in  Cornwall;  Peru;  Chili;  Mexico  at  Guanajuato,  etc. 

Occurs  iu  Nevada,  at  the  Comstock  lode;  at  the  Silver  King  mine,  Arizona;  at  mines 
ear  Port  Arthur  on  north  shore  of  Lake  Superior;  with  native  silver  and  copper  in 
orthern  Michigan. 

JaIaPaitk  is  a  cupriferous  argentlte  from  Jalpa,  Mexico. 

Etoaaite.  Silver  telluride,  Ag«Te.  Isometric.  Usually  massive,  compact  or  fine- 
raiued.  Cleavage  indistinct.  Somewhat  sectile.  H.  =  2*5-8.  G.  =  8*31-8*45.  Color 
etween  lead-^ray  and  steel-gray.  From  the  Altai;  at  Na.L^dgin  Transylvania;  Rezbauya, 
luDgarv;  Chili,  near  Arqueros,  Coquimbo.  In  the  U.  ^.,  Calaveras  Co.,  Cal.;  Boulder 
So.,  Colorado;  Utah.  This  species  also  of  en  contains  gold  and  thus  graduates  toward 
etsite. 

P«txite.  (Ag,Au)|Te  with  Ag :  An  =  8 :  1.  Massive;  granular  to  compact.  Slightly 
ectil  to  brittle.  H.  =  2*5-8.  G.  =  8'7-9'02.  Color  steel-gray  to  iron-black;  tarnishing. 
^m  Nagy6g,  Transylvania;  Colorado;  California. 

JkguiluAie.  Silver  selenide,  A^aS  and  Aca(S  Se).  In  skeleton  dodecahedral  crystals. 
ieetUe.    G.  =  7*586.    Color  iron-black.    From  Guanajuato,  Mexico. 

Bti^salianite.  Copper  selenide.  Cu,Se.  In  thin  dendritic  crusts  and  disseminated. 
I.  s  6*71.    Color  rilver-white  tarnishing.    From  Skrikerum,  Sweden;  Lehrbach,  in  the 


I«riirlMioliite.  Selenide  of  lead  and  mercury,  PbSe  with  HgSe.  Massive,  granular. 
}•  ss  7  8.    Color  lead  gray  to  iron-black.    From  Lehrbach,  in  the  Harz. 

Bncaizite.  CuiSe.Ag«Se.  Massive,  granular.  G.  =  7  50.  Color  between  silver-white 
ind  lead*gray.    From  the  Skrikerum  copper  mine,  Sweden;  also  Chili. 

Zorglte.  Selenide  of  lead  and  copper  in  varying  amounts.  Massive,  granular. 
}.  =  7-7*5.    Color  dark  or  light  lead-gnty.    From  the  Harz;  Cacheuta,  Argentina. 

Orookaaite.  Selenide  of  copper  and  thallium,  also  silver  (1-5  p.  c),  (Cu,Tl,Ag)iSe. 
ifaMfve.  compaov.  G.  =  6*9.  Luster  metallic.  Color  lead-gray.  From  the  mine  of 
(kfikenim.  Sweden. 

Umangite.  CuSe  Cu«8e.  Massive,  fine-granular  to  compact.  H.  =8.  G.  =  5*620. 
)ok>r  dark  cherry-red.    From  La  Rioja,  Argentina. 

2.  Chalcocite  Group. 


Chalcoeite 

Cu,S 

0-5822  : 1  :  0-9701 

Stromeyerita 

Ag,S.Cu,S 

0-5822  : 1  :  0-9668 

8ternbergit6 

Ag,S.Fe,S. 

0-5832  :  1  :  0-8391 

Frieseite 

0-5970  : 1  :  0-7352 

AcaiitUt6 

Ag,S 

0-6886  : 1  :  09944 

The  Bpecies  of  the  Chalcocite  Group  crystallize  in  the  orthorhombic 
lystem  with  a  prismatic  anpjle  approximating  to  60°;  they  are  hence  pseudo- 
liexagonal  in  form  especially  when  twinned.  The  group  is  parallel  to  the 
Salena  Group,  aince  Cu,  appears  in  isometric  form  in  cnproplumbite  and  Ag,S 
ilio  in  argentite.    Some  authors  include  dyscrasite  here  (see  p.  286). 


^  t 
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OHALOOOTTB.    Copper  Glance     Redrutbite.    Kupferglanz  Qerm. 
Orthorhombic.    Axes  d:h:d  =  0-5822  : 1  : 0-9701. 


mm".  110  A  110=  60^*25'. 
dd\  021  A  021  =  125"  28'. 


.  001  A  111  =  «2*  85i'. 
,  111  Alii  =  58*8^. 


699. 


Crystals  pseudo-hexagoual  in  angle,  also  by  twinning  (tw.  pi.  m).     C 
massive,  strirctiH-e  granular  to  compact  and  impalpable. 

Cleavage  :   m  indistinct.     Fracture    concho 
698.  Rather  sectile     H.  =  2-5-3.     G.  =  5  5-5-8.     Li 

metallic.     Color  and  streak  blackish  lead-gray,  c 
tarnished  blue  or  green,  dull.     Opaque. 

Comp.— Cuprous  sulphide,  Cu,S  =  Sulphur  ! 
copper  79-8  =  100.  Sometimes  iron  in  small  am* 
is  present,  also  silver. 

P3rr,  etc. — lu  the  open  tube  gives  sulpburous  fumes, 
on  cbarcoal  melts  to  a  globule,  which  boils  with  spirting 
tine  powder  roasted  at  a  low  temperature  on  charcoal, 
heat^  in  R.F.,  yields  a  globule  of  metallic  copper.     So 
iu  nitric  acid. 

lyifL — Resembles  argeuite  but  much  more  brittle;  bo 
has  a  different  color  on  the  fresh  fracture  and  becomes 
netic  B.B. 

Obs.— Cornwall  affords  splendid  crystals,  especialh 

districts  of  Saint  Just,  Camborne,  and  Redruth  {redrvi 

Occurs  at  Joachiinsthal.  Bohemia;  Telleniarken,  Nor 

compact  and  massive  varieties  in  Siberia;  Saxony;  Mt.  C 

mines  in  Tuscany;  Mexico;  S.  America. 

In  the  U.  S.,  Bristol,  Conn.,  has  afforded  large  and  brilliant  crystals;  also  foui 

Simsburv  and  Cheshire;  at  Schuyler's  mines,  N.  J. ;   in  Nevada,  in  Washoe,  Huml 

Churchill  and  Nye  counties;  in  Montana,  massive  at  Butte  City.    Found  in  Canada, 

chalcopyrite  and  bornite  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quet>ec. 

Stromeyerite.     (Ag,Cu)iS,  or   AgaS.CuaS.     Rarely  in   orthorhombic  crystals, 
twinned.     Commonly  massive,  compact.    H.  =  2*5-3.     G.  =  615-6'8.     Luster  met 
Color  and  streak  dark  steel-gray.    From  the  Zmeiiiogorsk  mine,  Siberia;  Silesia;  also  i 
Zacatecas.  Mexico;  the  Heintzelman  mine  in  Arizona;  Colorado. 


STERNBEROITE. 

Orthorhombic.    Crystals  tabular  |  c.     Commonly  in  fan-like  a^gre^rati 
twins,  tw.  pi.  m.     Cleavage :  c,  highly  perfect.     Thin   laminae  flexible, 
tin-foil.    H.  =  1-1-5.    G.  =  4*215.     Luster  metallic.     Color  pinch beck-br< 
Streak  black.     Opaque. 

Comp.    AgFe,S,  or  Ag,S.Fe,S.  =  Sulphur  30*4,  silver  34-2,  iron  35-4  = 

Obs.— Occurs  with  pyrargyrite  and  stephanite  at  Jonchimsthal,  Bohemia,  and  Jol: 
georgenstadt.  Saxony. 

FuiESEiTE.  Near  stern bergite.  In  thick  tabular  crystals;  H.  =  2*5;  G.  =  4*22.  < 
dark  gray.     Composition  Ag9Fe»S«.     Occurs  with  marcasite  at  Joachimsthal. 

Acanthite.  Silver  sulphide,  Ag,S,  like  arireutite.  In  slender  prismatic  crj 
(orthorhombic).  Sectile.  G.  =  7-3-7 -3.  Color  iron-black.  Occurs  at  Joachimsthal; 
at  Freiberg,  Saxony,  and  at  Schneeberg. 

It  has  l^en  suggested  that  acanthite  may  be  only  argentite  in  distorted  isometric  cryi 
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Splialerite  Oroup.    RS.     Isometric-tetrahedral. 

Sphaleritt  ZnS  Onofrito  Hg(S,Se} 

Sfltaolimabarite  HgS  Alab&ndite         MuS 

Guadulcuzarite        (Hg,Zii)S        Coloradoit«        HgTe  M^siTe 

Tiamannite  HgSe 

The  Spualerite  Group  embraces  a  number  of  sulphides,  selenides,  etc.,  of 
zinc,  mercury,  aud  niuDgaiiese.  These  ai-e  isometric-tetrahedrol  ia  ciyatalliza- 
tiou. 

SPHAI.BBITEI,  ZiKC  Blbmdk  or  Blendb.  Black-Jock,  Mock-Lead,  Fulse  Qaleun 
Sngt.     Ziukbleude  Qvrm. 

iBometric-tetrahedral.  Often  in  tetrahedrons.  Twins  common:  tw.  pi.  o; 
twiiiuiiig  often   repeated,  sometimes  as  polysynthetic   lamellfe.     Commonly 

000.  601.  002. 


m  =  (3n) 
matsire  clenvuble,  coarse  to  fine  grannlar  and  compact;  also  foliated,  sometimes 
fibrous  and  radiated  or  plumose;  al«o  botryoidul  and  otiier  imitative  e)ia))es. 
Crjptocryatalline  to  amorphous,  the  latter  sometimoB  »a  a  powder. 

Cleavage:  dodecaliedral,  highly  perfect.  Fracture  conchoidal.  Brittle. 
H.  =  3-5-4.  G.  =  ;i-9-t-l ;  4-0C,:i  white,  N.  J.  Lnater  resinous  to  adamantine. 
Color  commonly  yellow,  brown,  Waok ;  also  red,  green  to  white,  and  when  pure 
nearly  colorless.  Streak  brownish  to  light  yellow  and  white.  Transparent  to 
tranniiicent.     Refractive  index  high:  n^  =  S'^IGOS  Na. 

Conp. — Zinc  sulphide,  Z118  =  Sulphur  33,  nine  07  =  100.  Often  containing 
iron  and  manganese,  and  sometimes  cadmium,  mercury  and  rarely  lead  and 
tin.  Also  sometimes  contains  traces  of  indium,  gallium  and  thallium;  maybe 
srgentiferous  and  auriferous. 

T«r. — 1.  Ordinarj/.  Conlnining  lllllu  or  110  (ron;  from  ciilork'fiH  wliilc  10  vcUowUli- 
brnwii.  aotnetlmes  green:  G.  =  4  O-l'l.  TIii!  ri-d  iir  reildittb-liniwn  iranspnruDt  cryKtnllizvii 
kiii'li  nre  nomeHnie*  railed  rub^  MiuU  or  rubg  tine.  The  loiiasive  ileavubli;  forniK  «re  the 
mini  rommoii,  vnrjlng  from  cmnto  to  fine  Rrauiilar;  nl»i  cryploeryBrslline.  HrhaU'-btenile 
(Genu.)  ts  h  clinelj  compict  variety,  nf  n  )>iile  livLT-brovn  color,  tnroDcenliic  liivtni  witli 
reiiiforin  niirface:  gnleiia  anil  msrcu-liu  lire  ofleii  bit'rslrntmwl.  The  fibrous  f»rtns'(/>M.T(>e 
ZiitlMrnde  Germ.)  nre  cliii'fly  wurlzlle.  A  Kofl  wbllt'  anior]ilioiiB  fiinii  ot  kItic  suI|i1i1iIu 
ocr<iri>  ipi  Ctierokeo  Co,,  EntiAni. 

S.  F»Trifannu:  UnrmatUr.  ('ontnbiliir  10  p.  r.  or  more  of  Irnn:  'l»rk  brown  ro  lilnck; 
O  =  89-4-08.  TliB  proportinn  of  FcB  to  Zn8  varien  from  1  S  to  1  :  3.  iiml  llie  ln»t  ntllo  U 
Ibnl  of  the  eAriiJMdfb  of  Brcltliaiipl,  a  brilliuiil  black  Hpbal''/[lc  from  Si.  Cbristopbe  mlue. 
at  Bredenbninn,  having  O.  =  8-91-3-938. 

8.  Cadmiftroiu ;  PhbrirmiU,  Prtibramfte.  The  am'^mt  of  (>admlum  prenot  In  any 
iplialcrlta  thua  far  analysed  1«  le«  thao  5  per  cent. 
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Pyr,  etc.— Difficultly  fusible.  lu  the  open  tube  sulphurous  fumea,  and  generally  cbaogei 
color.  B.B.  on  charcoal,  in  RF.,  some  varieties  give  at  first  a  reddish-brown  coating  of 
cadmium  oxide,  aud  later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  and  white 
after  cooliug.  With  cobalt  solution  the  zinc  coating  gives  a  green  color  when  heated  In 
O.F.  Most  varieties,  after  roasting,  ffive  with  borax  a  reaction  for  iron.  With  soda  on 
charcoal  iu  R.F.  a  strong  green  zinc  name.  Dissolves  in  hydrochloric  acid  wl^  evolution 
of  liydrogen  sulphide. 

Di£ — Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster  in 
all  but  deep  black  varieties;  usually  exhibits  distinct  cleavage;  much  softer  than  garnet; 
nearly  infusible  B.B.;  yields  a  zinc  coating  ou  charcoal. 

Obfl. — Occurs  venr  commonly  in  both  crystalline  and  sedimentary  rocks,  and  as  a 
frequent  associate  of  galena;  also  associated  with  chalcopyrite,  barite,  19uorite,  dderite; 
common  in  silver  mines.  It  often  forms  beds  of  considerable  magnitude  filling  cavities  in 
limestone. 

Some  of  the  chief  localities  for  crystallized  sphalerite  are:  Alston  Moor  in  Cumberland, 
black  variety;  Derbyshire,  St.  Agues  and  elsewhere  in  Cornwall;  Oberlahnstein  in  Nassau, 
Ems,  red;  Audreusberg,  yellow  aud  brown;  Neudorf  iu  the  Harz,  Freiberg,  Breitenbrunn, 
aud  other  localities  in  Saxony,  black  and  brown;  Pfibram,  green  or  yellow,  and  Scblacken- 
wuld  in  Bohemia,  black;  Enpnik,  Hungary,  green  or  yellow;  Nagydg,  Transylvania,  brown; 
Rodua,  black;  the  Binnenthal  in  Switzerland,  isolnled  crystals  of  great  beauty,  yellow  to 
brown,  in  cavities  of  dolomite;  Sula  in  Sweden;  Nordmark,  blnck,  brown,  also  snow-white. 
A  beautiful  transparent  variety  yielding  large  clcavsge  masses  is  brought  from  Picos  de 
Europa.  San  lander,  Spain,  where  it  occurs  In  a  brown  limestone.  Fibrous  varieties  (see 
wurtzite)  are  obtained  at  Pribram;  Geroldseck  in  Baden;  Raibel;  also  in  Cornwall.  The 
original  marmatite  is  from  Marmato  near  Popayan,  Italy. 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  nnd  Illinois.  In  If,  York, 
Sullivan  Co.,  near  Wurtzboro*;  in  St.  Lawrence  Co.,  at  Mineral  Point  with  galena;  at  the 
Ancram  lead  mine  in  Columbia  Co.;  in  limestone  at  Lockport.  In  J/ioM..  at  the  Southamp- 
ton lead  mines.  In  N.  Hamp.,  at  the  Eaton  lead  mine;  at  Warren.  In  Maine,  at  the  Lubec 
lead  mines,  etc.  In  Conn.,  at  Roxbury.  In  i^.  Jer»fy,  a  white  variety  (eleiaphane)  at 
Franklin  Furnace.  In  Penn.,  at  the  Wheatley  and  Perkiomen  lead  mines,  in  crystals;  near 
Friedensville,  Lehigh  Co.,  a  white  waxy  var.  In  Virgii.ia,  abundant  at  Austin's  lead 
mines,  Wythe  Co.  In  Michigan,  at  Prince  vein.  Lake  Superior,  abundant.  In  lUintne, 
near  Uosiclare.  with  galena  and  calcite;  nt  Mnrsden's  diggings,  near  Galena,  in  stalactites, 
with  cryst.  marrasite,  aud  galena.  In  Wincomin,  at  Mineral  Point,  in  fine  crystals.  In 
Tennessee,  at  Haysboro',  near  Nashville.  In  Missouri,  in  beautiful  crystallizations  with 
galena,  marrasite  and  calcite  at  Joplin  an<l  other  points  in  the  southwestern  part  of  the  state; 
the  deposits  here  occur  in  limestone  and  are  of  great  extent  and  value;  also  in  adjoining 
parl«  of  Kansjis. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in 
German  meaning  blind  or  deceiving.     Sphalerite  is  from  <T<pixXep6i,  treacheraui. 

Metacinnabarite.  Mercuric  sulphide,  HgS.  In  composition  like  cinnabar,  but  occurs 
in  black  t<'traliedral  crystals;  also  massive.  G.  =  78.  From  the  Reddington  mine.  Lake 
county,  California,  with  cinnabar,  quartz  and  marcasite;  also  elsewhere  sparingly. 

Ouadalcazarite.  Near  metacinnabarite,  but  contains  zinc  (up  to  4  p.  c).  Guadalcnzar, 
Mexico. 

Tiemannite.    Selenquecksilber.   Mercuric  selenide,  HgSe.   Isometric-tetmhedral.    Com- 
monly massive;  compact.     G.  =  8-19  Utah;  8-30-8-47  Clausthal.     Luster  metallic.     Color  • 
stcel-irmy  to  blackish  lead-gray.     Streak  nearly  black.     Occurs  in  the  Harz;  California,  in 
the  vicinity  of  Clear  lake:  Marysvale,  Piute  Co.,  Utah. 

Onofrito.    Hg(S.Se)  with  Se  =  4*6  to  65  p.  c.     San  Onofre,  Mexico;  Marysvale,  Utah. 

Ooloradoite.    Mercuric  telhiride,  HgTe.  Massive.  G.  =  86.  Color  iron-black.  Colorado. 

Alabandite.  Manganblende.  Manganglanz  Germ.  Manganese  sulphide,  MnS. 
Iflometric-t^'trahedral:  usually  granular  massive.  Cleavage:  cubic,  perfect.  G.  =  3'95- 
4  04.  Lustor  submetallic.  Color  iron-black.  Streak  green.  Occurs  at  Naffv&g,  Tran- 
sylvania:  Kapnik.  Hungary;  Mexico;  Peru;  crystallized  and  massive  on  Snake  River,  Sum- 
mit county,  Colorado;  Tombstone,  Arizona. 

Oldhamite.  Calcium  sulphide,  CaS.  In  pale  brown  spherules  with  eubic  deavage  In 
the  Bust!  meteorite. 
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Isometric.  Massive,  granular.  Cleavage:  octahedral.  Fracture  uneven. 
Brittle.  H.  =  3*5-4.  G.  =  4'60.  Luster  metallic.  Color  light  bronze-yellow. 
Streak  light  bronze-brown.     Opaque.     Not  magnetic. 

Comp. — A  sulphide  of  iron  and  nickel,  (Fe,Ni)S.  In  part,  2FeS.NiS  =  Sul- 
phur 36-0,  iron  42*0,  nickel  22*0  =  100. 

OlMk — Occurs  wiih  cbalcopy rite  Dear  Lilleharamer,  Norway.  The  mineral  from  Sudbury, 
Outario,  is  niiacd  extensivelv  for  uickel;  it  shows  distinct  octahedral  cleavage  (or  parting). 
The  same  looility  also  affords  oickeliferous  pyrite  and  pyrrhotite. 

Troilite.  Ferrous  sulphide,  FoS,  occurring  in  nodular  masses  and  in  thin  veins  in  many 
ir>n  meteorites.  G.  =  4-75-4  82.  Color  tombac-brown.  By  some  authors  regarded  as 
identical  with  pyrrhotite  (p.  296). 

4.  Cinnabar-Wurtzite-Millerite  Group.   Rhombohedral  or  Hexagonal. 


Cinnabar 
Covellite 

Ghreenookite 
Wnrtnte 

Killerite 
Hiccolite 

Breithauptite 

Arite 

Pyrrhotite 


HgS     Rhombohedral-Trapezohedral     1*1453 
CuS  11466 


CdS 

ZnS 


Hexagonal-  Hemi  raorphio 


a 


6  6 

0-8109    or    0-9364 

0-8175  0-9440 


NiS 

NiAs 

NiSb 
Ni(Sb,A8) 

Fe„S,„  etc. 


Rhombohedral 
« 


Hexagonal 


0-8194 
0-8586 

0-8701 


0-9883 
0-9462 
0-9915 

1-0047 


This  fourth  group  among  the  monosulphides  includes  several  subdivisions, 
shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  all 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc, 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  byGroih,  the  prominent  pyramids  of  wurtzite.  greenockite.  etc.,  be 
made  pyramids  of  the  second  series  (^.^..  x  =  1122,  instead  of  1011).  then  the  values  of  h 
in  the  second  column  are  obtained,  wjiicli  correspond  to  millerite.  The  form  of  several  of 
these  species,  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greenockite 
has  been  suggested. 


OINNABAR.    Zinnober,  Schwefelquecksilber  Oerm. 
Rhombohedral-trapezohedral.     Axis  t  =  1*1453. 

rK.  1011  A  ion  =  87''  23 .  ^^3. 

iff,  4045  A  4)45  =  78"  OJ'. 
cr.  0001  A  lOil  =  52''  54'. 
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Crystals  usually  rhombohedral  or  thick 
tabular  in  habit,  rarely  showing  trapezo- 
liedral  faces;  also  acicular  prismatic. 
In  crystalline  incrustations,  granular, 
massive;  so'^etimes  as  an  earthy  coating. 

CleavMe:  m  perfect.     Fracture  sub-  ^  (1014),  n  (205l),  q  (0441) 
oonchoidal,  nnev«n.    Somewhat   sectile. 
H.  =  2-2-5.     G^  =  8*0-8-3.     Luster  adamantine,  inclining  to  metallic  when 
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dark-colored^  and  to  dull   in  friable  varieties.     Color  cocbineal-redy  ofteti 

inclining  to  brownish  red   and   lead-gray.     Streak  scarlet.     Transparent  to 

opaque.     Optically  +.     Indices:  co^  =  2*854,  e,  =  3-201,  Dx.     See  Art.  366. 

Var.— 1.  Ordinary :  either  (a)  crygtallieettj  {b)  tncusive,  grauular  embedded  or  onipact; 
l)riglit  red  to  reddish  browu  in  color;  (e)  earUiy  and  bright  red.  2.  Hepatic.  Of  a  liver- 
brown  color,  with  sometimes  a  brownish  streak,  occasionally  slaty  in  structure*  though 
communlv  granular  or  compact. 

Comp. — Mercuric   sulphide,   HgS  =  Sulphur    13*8,  mercury  86*2  =  100. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

P3rr.— In  the  closed  tulje  alone  a  black  sublimate  of  mercuric  sulphide,  but  with  sodium 
carbonate  one  of  meiallic  mercury.  Carefully  heated  in  the  open  tul>e  gives  sulphurous 
fumes  and  metallic  mercury,  which  condenses  m  minute  globules  on  the  cold  walls  of  Uie 
tube.     B.B.  on  charcoal  wholly  volatile,  but  only  when  quite  free  from  gangue. 

DifiEl— Characterized  by  its  color  and  vermilion  streak,  high  specific  gravity  (reduced, 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  {e.g.,  in 
the  closed  tube).     Resembles  some  varieties  of  hematite  and  cuprite. 

Obs. — Occurs  chiefly  in  veins  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  Sometimes  occurs  in  connection  with  hot 
springs  as  the  result  of  solfataric  action.  Pyrite  and  marcasite,  sulphides  of  copper,  stib- 
nite.  realgar,  gold,  etc.,  are  associated  minerals;  calcite.  quartz  or  opal,  also  barite,  fluorite, 
are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  ai-e  nt  Almaden  in  Spain,  and  at  Idria  in  Car- 
niola,  where  it  is  usually  massive;  also  at  Bakmut  in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  near 
Belgrade,  Servia;  nt  Ripa  in  Tuscany;  in  the  Urals:  the  Nerchinsk  region  in  Transbaikal; 
in  China;  Japan;  Mexico;  Huancavelica,  Peru;  Chili. 

In  the  U.  8.  forms  extensive  ndnes  in  California,  the  most  important  at  New  Almaden 
and  the  vicinity,  in  Santa  Clara  ('o.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  by 
solfataric  action  at  Sulphur  Bank.  Cal..  and  Steamboat  Springs,  Nevada;  also  occurs  in 
southern  Utah. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  it  is  applied  to  the  red  resip, 
dragon's  blood.  The  native  cinnabar  of  Theophnisius  is  true  cinnabar;  he  speaks  of  its 
affording  quicksilver.  Tlie  Latin  name  of  cinnabar,  minium,  is  now  given  to  red  lend,  a 
substance  which  was  early  used  for  adulterating  cinnabar,  and  so  got  at  last  the  name. 

Oovellite.  Kupferindig  Oerm.  Cupric  sulphide.  CuS.  Rarely  in  hexagonal  crj'Stals. 
Commonly  massive  or  spheroidal.  G.  =  4'59.  Color  indigo-blue  or  darker.  From  Baden- 
weiler,  Baden;  Mansfeld,  Thuringia;  Vesuvius,  on  lava;  Chili,  etc. 


/ 
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Ilexagonal-hemimorphic.      Rarely   in   hemimorphic    crystals;    also  as  a 
coating. 

Cleavage:  rt  distinct, rimporfect.    Fracture  conchoidal.   Brittle.  II.=3-3-5. 
505  G.  =  4'9-r)-0.     Luster  adamantine  to  resinous.     Color 

honey-,  citron-,  or  orange-yellow.  Streak-powder  be- 
tween orange-yellow  and  brick-red.  Nearly  transparent. 
Optically  +. 

Comp.— Cadmium    sulphide,   CdS  =  Sulphur  22*3, 
cadmium  7?-7  =  100. 

Fyr.,  etc.  -In  the  closed  tube  assumes  a  carmine-red  color 
while  hot,  fading  to  the  oris^inal  yellow  on  cooling.  In  the  open 
tube  gives  sulphurou<4  fumes.  B.B.  on  charcoal,  either  alone  or 
with  soda,  gives  in  R.F.  a  reddish-brown  coating.  Soluble  in 
hydrochloric  acid,  affording  hydrogen  sulphide. 

Obs.— Occurs  with   prehnite    at    Bishopton,    Renfrewshire. 

aud  elsewhere  in  Scotland.     At  Pribram  in  Bohemia,  as  a  coating  on  sphalerite;  similarly 

at  other  points;  so  too  in  the  U.  8.  near  Friedensville,  Pa.,  and  in  the  zinc  region  of  south. 

western  Missouri;  in  Marion  Co.,  Ark.,  it  colors  amlthsonlte  bright  yellow.     Not  un- 

<;ommoo  as  a  furnace  product. 
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Wnrtsite.  ZiDC  sulphide,  ZdS,  like  sphalerite,  but  iu  hemimorphic  hexagonal  crystals; 
also  libroutt  aod  massive.  G.  =  3  98.  Color  brownish  black.  From  a  silver-mine  near 
Oruru  in  Bolivia;  Portugal;  Peru.  In  crystals  with  sphalerite  and  quartz  at  tlie  "Original 
Butte"  mine,  Bulte  City,  Montana. 

The  massive  fibrous  forms  of  "  Schalenblende  "  occur  at  PiHbram,  Liskeard,  etc.  Other 
forms,  from  Stolberg,  Wiesloch,  Altenberg,  are  in  part  wurtzite,  iu  part  sphalerite. 

Ertthbozincits  is  (Zn,Mn)S.    From  Siberia. 


Capillary  Pyrites.     Haarkics  Qerm, 

Bhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  interwoven  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings^  partly  semi-globular  and  radiated. 

Fracture  uneyen.  Brittle;  capillary  crystals  elastic.  H.  =  3-3*5. 
6.  =  5'3-5'65.  Luster  metallic.  Color  orass-yellow,  inclining  to  bronze- 
yellow^  with  often  a  gray  iridescent  tarnish.     Streak  greenish  black. 

Comp.— Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  647  =  100. 


.,  etc.^In  the  open  tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule. 
When  roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.F..  becoming 
gray  in  R.F.  from  reduced  metallic  nickil.  On  charcoal  in  R.F.  the  roasted  mineral  gives 
a  coherent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
copper,  cnhalt,  and  iron  with  the  fluxes. 

Ob*.— Occurs  commonly  in  capillary  crystals,  in  the  cavities  and  among  crystals  of  other 
minerals.  Found  at  Joachimsibal  in  Bohemia;  Jobanngeorgeustadl;  Pribram;  Ricchels- 
dorf;  Andrea^berg;  Freiberg.  Saxony;  Cornwall. 

lo  the  U.  S.,  at  Antwerp,  N.  Y.,  in  cavities  in  hematite;  in  Lancaster  Co.,  Pa  ,  at  the 
Gap  mine,  in  thin  velvety  coatings  of  a  radiated  fibrous  structure.  With  calcite,  dolomite 
and  fluorite,  forming  delicate  tangled  bair-like  tufts,  in  geodes  in  limestone,  often  pene- 
trating the  calcite  crystals,  at  St.  Louis,  Mo. ;  similarly  near  Milwaukee,  Wis.  At  Orford, 
Quebec 

Bbtrichitb.  NiS  like  millerite  with  also  Co,Fe.  From  Westerwald.  The  relation 
of  the  two  species  is  doubtful. 

ELAUCHBCORNrrs.  Perhaps  Ni(Bi,Sb,S).  In  tabular  tetragonal  crystals.  H.  =  5. 
G.  =  6-4.    Color  light  bronze-yellow.    From  Hamni  a.  d.  Sieg. 

NIOOOUTS.    Copper  Nickel.     Eupfernickel.     Rothnickelkies  Oerm, 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impalpable; 
also  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven.  Brittle. 
H.  =  5-5*5.  6.  =  7-33-7*67.  Luster  metallic.  Color  pale  copper-red. 
Streak  pale  brownish  black.    Opaque. 

Comp. — Nickel  arsenide,  NiAs  =  Arsenic  56*1,  nickel  43*9  =  100.  Usually 
contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the  arsenic 
is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite.  The 
intermediate  varieties  have  been  called  arite. 


:.,  etc. — In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenic  triozide. 
In  the  open  tube  a  sublimate  of  arsenic  trioxide.  with  a  trace  of  sulphurous  fumes,  the 
assay  becoming* yellowish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule, 
which,  treated  with  borax  glass,  affords,  by  successive  oxidation,  reactions  for  iron,  cobalt, 
and  nickel;  the  antimonial  varieties  give  also  reactions  for  antimony.  Soluble  in  aqua 
r^gia. 

Ob*. — Accompanies  cobalt,  silver,  and  copper  ores  in  the  Saxon  mines  of  Annnberg, 
Schneeberff.  etc.;  also  in  Thuringia.  Hesse,  and  Styrin;  at  AUemont,  Dauphine;  at  the  Eo 
mines  in  Nordmark,  Sweden:  at  Balen  in  the  Basses  Pyr6n6es  (aHte)\  occasionally  in 
Ck>mwall ;  Chili;  abundant  at  Mina  de  la  Rioja,  Oriocba,  Argentina.  In  the  U.  S.,  at 
Cbatbam»  Conn.,  in  nieiss;  sparingly  at  Franklin  Furnace,  N.  J.;  Silver  Cliff.  Colorado; 
Tilt  Cove,  Kewfoundland. 
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Breithauptite.  Antimonnickel  Oerm.  Nickel  ADtimonide,  NiSb.  Rarelv  in  hexago- 
nal crystals;  usunlly  massive,  arborescent,  disseminated.  G.  =  7'54.  Color  light  copper- 
red.     From  Audreasberg  in  the  Harz. 

PTRRHOTTTB.    Magnetic  Pyrites.    Magnetkies  Oerm, 
606.  Hexagonal.    6  =  0  8701. 

C8,  OOOlAlOil  =46'   S'. 


cu,  0001 A  4041  =76'    0'. 

cy,  0001  A(200-30  8)  -  81*  80^'. 


Twins :  tw.  pi.  s,  with  vertical  axes  nearly  at  right 
angles  (Fig.  382,  p.  125).  Distinct  crystals  rare,  commonly  tabular;  also 
acute  pyramidal  with  faces  striated  horizontally.  Usually  massive,  with  gran- 
ular structure. 

Parting:  c,  sometimes  distinct.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  3-5-4-5.  G.  =  4-58-4-64.  Luster  metallic.  Color  between 
bronze-yellow  and  copper-red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  possess- 
ing polarity. 

'  Comp. — A  sulphide  of  iron,  often  containing  also  nickel;  formula  chiefly 
Fe,,S„;  analyses,  however,  vary  from  Fe^S,  up  to  Fe„S,„  while  conforming 
to  the  general  formula  FCnS^^.,.  Percentage  composition  Fe„Sj,  =  Sulphur 
38-4,  iron  61*6  =  100;  Fe,S.  =  Sulphur  39*6,  iron  60*4  =  100;  Fe.S,  =  Sul- 
phur 39-2,  iron  =  60*8  =  100. 

Pyr.,  etc. — Unchanged  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fames. 
On  charcoal  in  li.F.  fuses  to  a  black  magnetic  mass;  in  O.F.  is  converted  into  reil  oxide, 
which  witli  tluxes  gives  only  an  iron  reaction  when  pure,  but  many  varieties  yield  tmiall 
amounts  of  nickel  and  cobalt.  Decomposed  by  hydrochloric  acid,  witli  evolution  of 
nydrogen  sulphide. 

Difi. — Disiinguished  by  its  pectilitir  reddish  bronze  color;  also  by  its  magnetic  properties. 

Obs. — Occurs  at  Kougsberg,  Modum,  etc.,  in  Norway;  Falun,  Sweden;  Andreaabenr; 
Bodenmuis:  Bi-eitenbrunu;  Joachimsthal.  Bohemia;  Nizhni  Tagilsk;  Minas Geraes  in  Braui, 
in  large  tabular  crystals;  the  lavas  of  Vesuvius;  ('ornwall. 

In  N.  America  in  Maine,  at  Standish  with  andalusite:  in  Vemumt,  at  Stafford,  etc.  In 
JV.  York,  near  Diana,  Lewis  Co.;  OningeCo.  In  Pennsj/lvnnia,  at  the  Gap  mine.  Lancaster 
Co..  nickeliferous.  In  l^entiess'^e,  at  Duckiown  mines,  abundant.  In  Canada,  in  laree  veins 
at  St.  JerOme,  Elizabethtown,  Ontario;  at  Sudbury,  etc.  This  species  is  often  muied  for 
\he  nickel  it  contains. 

Pyrrhotite  is  often  present  in  disseminntcd  particles  or  crystals  in  meteoric  stones;  the 
Iron  sulphide  of  meteoric  irons  i.<*  geuenilly  referred  to  troilite  (p.  298). 

Named  from  nvfifior?/^,  redduh, 

C.  Intermediate  Division. 

Horbachite.  An  iron-nickel  sulphide,  perhaps  4Fe.8,.Ni,S,.  Crystalline,  maasive. 
Color  pinchbeck-brown  to  steel-gray.     G.  =  4*43.     From  ilorbach  in  tlie  Black  Forest. 

Polydymite.  A  nickel  sulphide,  perhaps  Ni4S».  In  octtihedral  crystals;  frequently 
twinned.     G.  =4  54-4-81.     Color  gray.     From  GrQnau,  Westphalia. 

A  nickel  ore  from  Sudbury,  Ontario,  corresponds  toNisFeS»,  conforming  to  the  general 
formula  of  polydymite;  another  Sudbury  ore  agrees  with  pentlaudite  (p.  398),  and  still 
another  is  a  nickeliferous  pyrrhotite. 

Oriinauite.    Contains  sulphur,   bismuth,  nickel,  iron ;   perhaps  a  mixture.      From 

GrQnau. 

87ohnod3rmite.  Essentially  (Co,Cu)«S«.  Isometric,  in  small  steel-gny  octahedroii& 
From  the  Siegen  district,  Germany. 
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Melonite.  Tellurnickel  Oerm.  A  nickel  telluride,  NiaTes.  Id  indistinct  granular 
and  foliated  particles.  Color  reddish  white,  with  metallic  luster.  From  the  Stanislaus 
mine,  California;  probably  also  iu  Boulder  Co.,  Colorado. 


The  following  species  are  sometimes  regarded  as  Snlpho-salts,  namely, 
Sulpho-ferrites,  etc. 

BORNTTE.  Buutkupfererz  Qerm,  Purple  Copper  Ore.  Variegated  Copper  Ore. 
Erubescite. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pi.  o, 
often  penetration-twins.     Massive,  structure  granular  or  compact. 

Cleavage :  o  in  traces.  Fracture .  small  conchoidal,  uneven.  Brittle. 
H.  =  3.  G.  =  4"9-5*4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fracture,  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  black.     Opaque. 

Comp.,  Tar. — A  sulphide  of  copper  and  iron,  but  varying  in  the  proportions 
of  these  metals.  The  crystallized  mineral  agrees  with  Cn.FeS,  =  Sulphur 
28*1,  copper  55*5,  iron  16-4  =  100:  this  may  be  written  3Cu,S.Fe,S,  (Groth) 
or  Cu,S.CuS.FeS  (Rg.). 

Analyses  of  massive  varieties  give  from  50  to  70  p.  c.  of  copper  and  15  to  6*5  p.  c.  of 
Iron.     The  variation  is  due,  iu  part  at  least,  to  mechanical  admixture,  chiefly  of  chalcocite. 

l^yr^  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube 
yields  sulphurous  fumes,  but  no  sublimate.  B.B.  on  charcoal  fuses  inR.F.  to  a  brittle 
magnetic  globule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and 
copper,  and  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

DIft— Distinguished  (e.g.  from  chalcocite)  by  the  peculiar  reddish  color  on  the  fresh 
fracture  and  by  Its  brilliant  tarnish;  B.B.  becomes  strongly  magnetic. 

Oba«— Occurs  with  other  copper  ores,  and  is  a  vaJua'le  ore  of  copper.  Crystalline 
varieties  are  found  in  Cornwall,  called  by  the  miners  "horse-flesh  ore."  Occurs  massive 
at  Rosa  Island,  E^illarney,  Ireland;  Monte  Catini,  Tuscany;  the  Mansfeld  district,  Ger- 
many; In  Norway.  Sweden,  Siberia,  Silesia,  and  Hungary.  It  is  the  principal  copper  ore 
at  acme  Chilian  mines;  also  common  in  Peru,  Bolivia,  and  Mexico. 

Id  the  U.  S.,  found  at  the  copper  mine  in  Bristol,  Conn.;  massive  at  Mahoopeny,  near 
Wilkeabarre,  Penn.     A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Born  (1742-1791). 

linnmite.  A  sulphide  of  cobalt,  Cot84  =  CoS.CosSt,  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  iiegeniU).  Commonly  in  octahedrons;  also  massive.  H.  =  5'5. 
G.  =  4*8-5.  Color  pale  steel-gray,  tarnishing  copper-red.  Occurs  at  Bastnaes,  etc., 
Sweden;  Mdsen,  near  Siegen.  Prussia;  at  Siegen  (negenite),  iu  octahedrons.  Iu  the  U.  S., 
at  Mine  la  Motte,  Missouri;  Mineral  Hill.  Maryland. 

Danbr^elite.  An  iron-chromium  sulphide,  FcS.CriSs,  occurring  with  troilite  in  some 
meteoric  irons.    Color  black.    G.  =-  5  01. 

Ottbanite.  An  iron-copper  sulphide,  perhaps  CuFe«84  =  CuS.FeaSs.  Isometric;  mas- 
aive.  Color  between  bronze-  and  brass-yellow.  G.  =  4  08-4*17.  From  Barracanao,  Cuba; 
Tuuaberg  and  Kafveltorp,  Sweden. 

OairoUite.  A  copper-cobalt  sulphide.  CuCoaS4  =  CuS.Co,Si.  Isometric;  rarely  in 
octahedrons.  Usually  massive.  G.  =  4*85.  Color  light  steel-gray,  with  a  faint  reddish 
hue.    From  Carroll  Co.,  Maryland,  near  Finksburg. 


Copper  Pyrites.    Yellow  Copper  Ore.    Eupferkies  G^erm, 
Tetragonal-spbenoidal.    Axis  i  =  0*98525. 

pff.  111  A  ill  =  108*  40*.  ;?p,,  111  A  111  =  70'  7i'.  ee.  001  a  101  =  44*  34i' 

CrystalB^  oommonly  tetrahedralia>-  oopooty^jfehe  sphenoidal  faces  p  large, 
dull  or  oxidised;  p^  small  m^c''lSti^^  both  forms  equally 
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developed,  and  then  octahedral  in  form.  Twins :  (1)  tw.  pi.  p  (111), 
resembling  spinel-twins  (Fig.  .'i79,  p.  l'^5);  sometimes  repeated  as  a  fiveling 
(Fig.  C09).  (2)  Tw.  pi.  and  comp.-facc  e  (Fig.  381,  p.  125)  often  in  repeated 
twins.  (:])  Tw.  pi.  m,  tw.  axis  C,  complementary  penetration  twins.  Often 
massive,  compact. 

Cleavage:  z  (201),  sometimes  distinct;  c,  indistinct.  Fracture  uneven. 
Brittle,  il.  =  3-5-4.  G.  =  4-l-4'3.  Luster  metallic.  Color  brass-yellow; 
often  tarnished  or  iridescent.     Streak  greenish  black.     Opaque. 

607.  608.  609. 


9  (201;, « (518). 

Comp.— A  sulphide  of  copper  and  iron,  CuFeS,  or  Cu,S.Fe,S,  =  Sulphur 
35 "0,  copper  34*5,  iron  30*5  =  100.  Analyses  often  show  vanations  from  this 
formula,  often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  auriferous  iuhI  argentiferous ;  also  contulns  traces  of  seleiium  aod  tliallium. 

Pyr.,  etc.— In  the  closed  lube  decrepitates,  and  gives  a  sulphur  sublimate,  in  tlie  o|)en 
tube  sulphurous  fumes.  On  cliarcoal  fuses  to  a  magnetic  globale  ;  with  soda  the  rousted 
mineral  gives  a  globule  of  copper  containing  iron,  llie  roasted  mineral  reacts  for  copper 
and  iron  with  the  fluxes.  Dissolves  in  nitric  acid,  excepting  the  sulphur,  and  forms  a  green 
solution;  Mmmoniu  in  excess  changes  the  green  color  to  a  deep  blue,  aod  precipitatet  red 
ferric  hydroxide. 

Difil— Distinguished  fiom  pyrite  by  !ts  inferior  hardness  and  deeper  yellow  color. 
Resembles  gold  when  disseniiimted  in  minute  grains  in  quartz,  but  differs  in  being  brittle 
and  in  having  a  black  streak;  further  it  is  soluble  in  nitric  acid. 

Obs.— A  widely  disseminated  niinend  in  metallic  veins  and  nests  in  gneiss  and  crystal- 
line schists.  m1>o  in  serpentine  mck^i;  often  intimately  associated  with  pyrite,  also  with 
siderite.  tet.nihcdriie.  etc.,  sometimes  with  nickel  and  cobalt  sulphides,  pyrrhotite,  etc. 
Observed  coaled  with  tetrahed rite  crystals  in  parallel  position,  also  as  a  couting  over  the 
latter. 

Chalcopyrite  is  the  principal  ore  of  copper  at  the  Cornwall  mines;  there  associated  with 
eassiterite,  galena,  bornite.  chnlcocite.  tetraliedrite.  sphalerite.  At  Falun,  Sweden,  it 
occurs  in  large  masses  embedded  in  gneiss.  At  Ramiiielsherg,  near  Goslar  in  the  Hare, 
format  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  in  the  Kupferscbiefer 
of  Mansfeld.  The  Kurprinz  ndne  at  Freiberg  affords  well-defined  crystals;  a1«>o  Hor* 
hausen,  Dilienburg.  Nendorf,  MQsen;  S^hlackenwald  in  Bohemia.  Common  elsewhere  as 
at  Mte.  Catini  in  Tuscany;  in  New  South  Wales;  Chili,  etc. 

In  Maitie,  at  the  Lubec  mines  and  elsewhere.  In  Veitnout,  at  Stafford,  etc.  In  Mast,,  at 
the  Southampton  lead  mines  In  Conn.,  at  Bri.stol.  In  New  Fork,  in  crystals  and  massive 
at  Ellenville,  Ulster  (-o.  In  Pen  tiny  Ivtiuia,  at  Phenixville;  at  the  French  Creek  mines, 
(^hes'or  Co..  with  pyrite.  magnetite,  etc.  In  Maryland,  near  Finksbury,  Carroll  Co  . 
abundant.  In  Virginia,  hX  tlie  Phenix  cupper  mines.  Fauquier  Co.,  and  the  Walton  gold 
mine.  Louisa  Co.  In  N.  Carolina,  near  Greensboro',  abundant  massive.  In  Tenneuee,  30 
roilcA  from  Cleveland,  in  Polk  Co.     In  Miesouri,  with  sphalerite  at  Joplin,  Jasper  Co. 

In  Cal.,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte  Co.,  on 
west  side  of,  and  parallel  to,  the  chief  gohl  belt;  occurring  massive  in  Calaveras  Co.,  and 
in  crystals  on  Domingo  Creek,  etc.  Abundant  in  Montana,  near  Butte,  with  bornite, 
pyrite,  etc.,  also  at  other  points,  often  argentiferous  and  auriferous.  In  Ci^ado,  abundant 
io  Gilpin,  Boulder,  Chaffee.  Gunnison  counties,  etc.;  commonly  associated  with  pyrite. 
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tetnihedrite,  sphalerite,  aud  often  bifi;hly  argeutiferous.  Also  mined  in  Arizona,  Utah, 
but  in  most  cases  chiefly  for  silver  niuT  gold.     Grant  Co.,  New  Mexico. 

In  Canada,  in  Per(h  and  near  Sberbrooke  und  at  many  points  in  the  eastern  part  of  the 
proYiDce  of  Quebec:  in  the  Nipissing  distr..  Ontario,  at  various' points;  extensively  mined 
at  Sudbury;  at  the  Bruce  mines,  on  Lake  Huron;  at  Point-au-Mines  und  elsewhere  on  Lake 
Superior. 

Named  from  x<^^*^(^^»  brass,  and  pyrites,  by  Henckel  (1725). 


D.  Disulphides,  Diarsenldes,  etc. 

The  disulphides^  diarsenides,  etc.^  embrace  two  distinct  groups.  The 
prominent  metals  included  are  the  same  in  both,  viz.:  iron,  cobalt  and  nickel. 
The  groups  present,  therefore,  several  cases  of  isodimorphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard,  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  the  familiar  name 
pyrites  applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow 
and  tin-white. 

Pyrite  Group.     RS,,RAs,,RSb,.     Isometric-pyritohedral. 


{ 


Pyrite  FeS,  Gewdorffite  NiS,.NiAs, 

Hauerite  MnS,  Corynite      NiS,.Ni(As,Sb), 

Smaltite       Co  As,,  also  (Co,Ni)As,  Xlllmannite  NiS,.NiSb,  (isometric-tetar- 

Chloanthite  NiAs,,  also  (Ni,Co)As,  Sperrylite    PtAs,  [tohedral) 

Cobaltite  GoS,GoAs,  Laurite       RuS,? 


Marcasite  Group.     RS,, 

RAs,,  etc. 

Orthorhombic. 

d  :  b 

:  h 

nOAliO 

IOIaIOI 

Kaitaiite 

FeS, 

0-7662  :  1 

:  1-2342 

74°  55' 

116°  20' 

LSIlingita 

FeAs, 

0-6689  : 1 

:  1-2331 

67°  33' 

123°    3' 

Lencopyrite 

Fe,As, 

Anenopynta 

FeS,.FeAs, 

0-6773  :  1 

:  1-1882 

68**  13' 

120°  38' 

Danaite 

(Pe,Co)S,.(Fe,Co)As. 

Safllorite 

CoAs, 

Bamindsbtrgite 

NiAs, 

OUueodot' 

(Oo,Fe)S,.(CoFe)As, 

0-6942  :  1  ; 

:  1-1925 

69°  32' 

119°  35' 

AUoolaaita 

(Co,Fe)(As,Bi)S 

WoUuhite 

NiS,.Ni(As,Sb), 

The  Pyeitb  Qeoup  includes  besides  the  compounds  of  Fe,  Co,  Ni,  also  others 
of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric-pjri to- 
hedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  angles  of  about  70""  and  110°  aiid  a  prominent  macro- 
dome  of  about  60^  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  seTeral  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 
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Pyrlte  Oroup. 

PTBTTB.    Bchwefelkka,  Ei-eukiM.  Oerm.    Iron  PyHtet. 

Isometric- pyritohed  ml.  Cube  aud  pTritohedron  e  (310)  the  oommoQ  fortni, 
the  fuces  of  both  often  witb  Btrmtiotie  \  edge  a/e,  due  to  oscillatory  cotnbioa- 
tioii  of  iheac  forms  and  tending  to  produce  rounded  faces;  pyritohedral  faces 
also  striitttid  J.  to  this  edge;  octuliedi'on  also  cumniou.  See  Figs.  GlO-617,  also 
l-'igit.  117-1:^^,  pp.  44,45.  Twine:  tw.  iiz  u,  usuailypenetration-twins  wiih 
piii-iillel  iixes  (Fig.  'ilH),  p  124) ;  rarely  con  tact -twins.  Frequently  massive,  fine 
griiiiiilar;  sometimes  sjbtibrouB  rudiated;  reniforni,  glubnlar,  stalactitic. 

Oiciivage:  a,  o  indistinct.  Fracture  conclioidal  to  uneven.  Brittle.  H.  = 
0-0-5.  ti.  =  4-95-5m;  4-967  TraTflrsella,  5-U37  Elba.  Luster  metallio, 
610.  611.  613.  913. 


Bplendeiit  to  glistening.     Color  a  pale  brass-yellow,  nearly  uuiform.     Streak 
greenish  black  or  brownish  blaclt.     Opaque. 

Comp.,  Tar.— lion  disulphide,  FeS,  =  Snlphur  53-4,  iron  46-6  =  100, 

Nickel,  cobalt,  BDil  Ibnlliiim,  uiid  niso  c<i|i[)er  iii  SRinll  qiiuiitities,  •omellnii'S  replace  p«rt 
of  Ihe  irou,  or  else  occur  u  mixtures;  seletiiiim  is  (oniulitiics  present  iti  Iraces.  Qold  is 
b<>ineliniiui  ilisiribuHd  luvisfbly  tlirough  it.  nurifvrous  pyrite  IwiuK  an  Itnporlnut  source  iif 
gulil  Arseaic  is  rarely  present,  aa  id  octulieilral  cr^siiilsfrom  Freucb  Creek,  Peuu.  (0-3 
1>,  c   As). 

Pyr.,  etc.— In  I hu  closed  lube  aBublimnte  of  siilpburand  amRgnelic  residue.  B.B.  on 
cimrciial  0ves  of!  sulpLur.  buvnliiK  witb  a  blue  Hume,  leaving  a  magnetic  residue  wbicli 
ruactH  liki-  pyirhutitc  (p.  396).     Insoluble  iu  L^droubloric,  but  decompuMM)  by  uitrk;  arid. 

Diff.— Uistinguished  from  chnl  copy  rile  by  its  greater  hardneas  nod  paler  color;  in  ronn 
mid  ft|iec'IDc  gi'ivlly  different  fnnii  innrcnsiie,  wliicli  bus  ulso  a  wblter  color. 

Obs,— Pyrlle  occurs  iiliiindantly  in  rocks  of  nil  iiges,  from  the  oldest  cryatalliDe  lo  Ibc 
must  ri-criit  iiMiivial  de|>iults.  U  iisiially  occurs  in  small  cubes,  pyrlioliedroiii.  or  in  more 
liL^lily  niodifliil  T'lrms;  also  (atwn  villi  iiinrcasile)  in  irregular epbcroldal  uoilules  and  ia 
velii».  in  cliiy  vliiie.  nigilbirrous  sandsinneii,  Ibe  coni  rorniation,  cic. 

Vmn  crvslnis  bavp  lii-en  found  in  sonic  of  ihe  Cornish  mines;  also  in  gmX  rarlely  with 
hi'iniilite  on  ilie  lsl:ind  of  Ellia,  and  witb  iiiiLgnclile  ill  Traversclla  and  Brosao  in  Pieilnioiit. 
Oilier  locallries  for  crystals  are  Mtisen  nenrSicgcn;  Freiberg,  Siixony;  Scbneebergr:  Wnl- 
dcnstcin  in  Carinlbiu;  Pribmm.  Itoliemia:  Scliemuitz,  tluiigary;  Pcrsberg,  Paluu,  and 
Lilniilinn  in  Snellen  ;  Kongslici't!  In  Norwav. 

In  Maine,  at  Peru,  Waiervflle.  etc.  In  N.  Hnrnjitlitrt,  at  Unity.  masalTe.  In  Jfiut.,  *t 
Rowc.  Hawley,  nisailve.  In  Vermont,  al  Sborebam,  in  limestone;  Harlford.  In  Otin..  at 
Riixbury,  lluely  cryslallized.  In  N.  York,  nt  Roisle,  fine  crrsials:  at  Hchoharle;  at  Clinter, 
Warren  Co.;  in  Orange  Co.,  at  Warwick;  massWe  in  FmnkliD.  Putnam,  and  Oiange  Ow, 
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etc.  Id  Penntylvania,  at  Chester,  Delaware  Co.;  at  EnauertowD,  Chester  Co.;  at  French 
Creek  miues,  octahedrons  aud  other  forms,  sometimes  tetragonal  or  orthorhombic  in  sym- 
metry; Cornwall.  Lebanon  Co.;  in  iV^.  Car.,  near  Qreensboro',  Guilford  Co.,  in  crystals. 
In  Colorado,  crystals  near  Central  City,  GUpiu  Co.,  and  elsewhere.  Auriferous  pyrite  is 
common  at  the  mines  of  Colorado,  and  many  of  those  uf  California,  as  well  as  in  Virginia 
and  the  States  south.  In  Canada,  2  miles  N.  W.  of  Brockville,  Ontario,  a  cobaltiferous 
variety. 

Large  quantities  of  massive  pyrite  are  mined  at  the  Rio  Tinto  and  other  mines  in  Spain, 
also  iu  Portugal.  Among  important  deposits  in  the  U.  S.  are  those  ut  Rowe,  Mass.; 
Herman,  St.  Lawrence  Co.,  and  EUenville,  Ulster  Co.,  N.  Y.;  TolersvUle,  Louisa  Co.,  Va.; 
Dallas,  Paulding  Co  ,  Gu. 

The  name  pyrits  is  derived  from  nvp,  fire,  and  alludes  to  the  sparks  from  friction  ; 
hence  the  early  name  pyrites  (p.  290). 

Pyrite  readily  changes  to  an  iron  sulphate  by  oxidation,  some  sulphur  being  set  free. 
Also  lo  limonite  on  its  surface,  and  afterward  throughout,  by  the  action  of  u  solution  of 
bicarbonate  of  lime  carrying  off  the  sulphuric  acid  as  change  proceeds,  and  from  limonite 
to  red  iron  oxide. 

Hanerite.  Manganese  disulphide,  MnSi.  In  octahedral  or  pyritohedral  crystals;  also 
massive.  G.  =  3*46.  Color  reddish  brown  or  brownish  black.  From  Ealinka,  Hungary; 
Raddusa,  Catania,  Sicily. 

8MALTITX:-OHI«OANTHITX3.    Speiskobalt  Germ, 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  o  distinct;  a  in  traces.  Fracture  granular  and  uneven.  Brittle. 
H.  =  5'5-6.  6.  =  6*4  to  6*6.  Luster  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish  hlack.     Opaque. 

Comp. — Smaltite  is  essentially  cobalt  diarseuide,  CoAs,  =  Arsenic  718, 
cobalt  28*2  =  100.  Chloanthite  is  nickel  diarsenide,  NiAs,  =  Arsenic  71-9, 
nickel  281  =  100. 

ColMilt  and  nickel  are  usually  both  present,  aud  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  am  be  drawn  between  them.  Iron  is  also  present  in  varying 
amount;  the  variety  of  chloanthite  containing  much  iron  has  been  called  chaVu.mite.  Further 
sulpliur  is  usually  present,  but  only  in  small  quantities.  Many  analyses  do  not  conform 
even  approximately  to  the  formula  RAs^,  the  rntio  rising  from  less  than  1 : 2  to  1 :  2*5  and 
nearly  1 : 3.  thus  showing  a  tendency  toward  skutterudite  (RAsa),  perhaps  due  to  either 
molecular  or  mechanical  mixture. 

Much  that  has  been  called  smaltite  (speiskobalt)  is  shown  by  the  high  specific  gravity  to 
belong  to  the  orthorhombic  species  safflorite. 

Pyr..  etc. — In  the  closed  tube  gives  n  suMimate  of  metallic  arsenic;  in  the  open  tube  a 
white  sublimate  of  arsenic  trioxide,  and  sometimes  traces  of  sulphur  dioxide.  6  B.  on 
charcoal  gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  successive 
portions  of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Oba. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  cres  of  silver 
and  coi^per;  also,  in  some  instances,  with  niccolite  and  arsenopyrite.  Found  at  the  Saxon 
mlne«;  Jonchimstbal.  Bohemia;  Wheal  Sparnon,  Cornwall;  Riechelsdorf.  Hesse;  Tunaberg, 
8wt*deu;  Allemont.  Dauphine.  In  the  U.  8..  at  Chatham.  Conn.,  the  ehathamite  occurs  in 
mica  slate,  wiili  arsenopyrite  and  niccolite;  at  Franklin  Furnace,  N.  J. 

OOBALTZTS. 

Isometric-pyritohedral.  Commonly  in  cubes,  or  pyritohedrons,  or  combina- 
tiona  resembling  common  forms  of  pyrite.    Also  granular  massive  to  compact. 

CleaTEge:  cnbic,  rather  perfect.  Fracture  uneven.  Brittle.  H.  =  5  5. 
G.  =  &-6'3.  Luster  metallic.  Color  silver- white,  inclined  to  red ;  also  steel- 
gray,  with  a  Tiolet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
grayish  black. 

CoMf. — Solpbarsenide  of  cobalt,  CoAsS  or  CoS,.CoA8,  =  Sulphur  19*3^ 
ftnenio  45*2,  ooWt  35*5  =  100. 
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Iron  is  present,  and  in  the  vhrieiy  ferrocobaltite  in  large  amount. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  In  the  open  tube  gives  sulpburotts  fumes, 
and  a  crystalline  sublimate  of  arsenic  tiioxide.  B.B.  on  charcoal  elves  off  sulphur  and 
arsenic,  and  fuses  to  a  magnetic  globule;  with  borax  a  cobalt-blue  color.  Soluble  in  warm 
nitric  acid,  with  tbe  separation  of  sulphur. 

Obs. — Occurs  at  Tunaberg  and  liakausbO  in  Sweden;  at  the  Nordmark  mines;  also  at 
Skutterud  in  Norway;  at  Schladming,  tityria;  Siegen  in  Westphalia;  Botallack  mine,  near 
St.  Just,  in  Cornwall;  Ehctri  mines,  Rajputana,  India. 

QersdorfSte.  Sulpbarsenide  of  nickel.  NiAsS  or  NiS,.NiA8s.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  tbe  nickel.  Isometric-pyritohedral :  usually  massive. 
H.  =  5*5.  G.  =  5  6-6  2  Color  silver-white  to  steel-gray.  From  Loos,  Sweden;  the  Harz; 
Scbladming,  8tyria,-etc. 

Oorynite  is  near  gersdoi-fStc,  but  contains  also  antimony.    From  Olsa,  Carinthia. 

Willyamite.  CoSi.NiStCobba  N.SUs.  Cleavage  cubic.  Color  tin- white  to  steel-gray. 
Broken  Hill  mines.  New  South  Wales. 

Ullmannite.  Sulphautimonide  of  nickel,  NiSbS  or  NiSa.NiSbs ;  arsenic  is  usually 
present  in  small  amount.  Isometric-tetartohedra) ;  both  pyritohedral  and  tetrahedral  forms 
occur  (see  Figs.  146,  147,  p.  51).  Usually  massive,  granular.  H.  =  6-5-5.  G.  =  6  2-6*7. 
Color  steel-gray  to  silver-wbite.  Occurs  in  tbe  mines  of  Freusburg,  Nassau;  Siegen, 
Prussia;  Loiliug,  Carinthia  (tetrahedral);   Montenurba,  Sarrabus,  Sardinia  (pyritohedral). 

Eallilite.  Wismutliantimonnickelglanz  Germ.  NiiSb,Bi)8  or  NiSs.Ni(Sb.Bi)s. 
Massive,  color  light  bluish  gray.  From  tbe  Friedrich  mine  near  SchOnstein  a.  d.  Sieg, 
Gernjany. 

Sperrylite.  Platinum  diai-senide,  PtAsi.  In  minute  cubes,  or  cubo-octahedrons. 
n.  =  6-7.  G.  =  10-602.  Luster  metallic.  Color  tin -white.  Streak  black.  Found  at  the 
Vermillion  mine,  22  miles  west  of  Sudbury,  Ontario,  Canada;  also  in  Macon  Co., 
N.  Carolina.     This  is  the  only  known  native  compound  of  platinum. 

Laurite.  Sulphide  of  ruthenium  and  osmium,  probably  essentially  Ru8«.  In  minute 
octahedrons;  in  grains.  H.  =  7*5.  G.  =  6*99.  Luster  metallic.  Color  dark  iron-black. 
From  the  platinum  washings  of  Borneo.     Also  reported  from  Oregon. 

Skuttemdite.  Cobalt  arsenide,  CoAss.  Isometric  pyritohedral.  Also  massive 
granular.  Cleavage:  a  distinct.  H.  =6.  G.  =  6-72-6*86.  Color  between  tin-white  and 
pale  lead-gray.     From  Skutterud,  Norway. 

Nickel- BKUTTEUUDiTE.  (Ni,Co,Fe)Asj.  Massive,  granular.  Color  gray.  From  near 
Silver  City,  New  Mexico. 

BiBMUTO-sMALTiTE.  Co(As.Bi)a.  A  skutteruditc  containing  bismuth.  Color  tin- 
white.     G.  =  6  92.     Zschorlau,  near  Schneebcrg. 

Marcasite  Group. 

For  the  list  of  species  and  their  relations,  see  p.  299. 

MAROASITX3.     White  iron  pyntes. 
Orthorhombic.     Axes  a  :  h  :  i  =  0*7662  :  1  :  1-2342. 

mm'",  110  A  110  =    74"  55'.  ll\  Oil  a  Oil  =  101'  SS'. 

ee",       101  A  101  =  116'  20'.  «.  001  a  HI  =    eS*  46'. 

Twins:  tw.  pi.  m  (Fig.  619),  sometimes  in  stellate  fivelings  (Fig.  406,  p. 
128,  cf.  Fig.  G20);  also  tw.  pi.  e  (101),  less  common  the  crystals  crossing  at 
angles  of  nearly  G0°.  Crystals  commonly  tabular  |  c,  also  pyramidal ;  the 
brachydomes  striated  ||  ed^e  b/c.  Often  massive;  in  stalactites;  also  globular, 
reniform,  and  other  imitative  shapes. 

Cleavap;e:  7n  rather  distinct;  /  (Oil)  in  traces.  Fracture  uneven.  Brittle. 
H.  =  6-6-5.  G.  =  4'85-4'90.  Luster  metallic.  Color  pale  bronze-yellow, 
deepening  on  exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp.— Iron  disnlphide,  like  pyrite,  FeS,  =  Sulphur  53*4,  iron  46*6  =  100. 
Arsenic  is  sometimes  present  in  small  amount. 
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Tar, — The  Tftrietlet  named  depenil  nitLinly  ou  stale  of  crystulllzatiiiii.  lladUited 
{BboAlkUt  Germ):  Radiated:  also  the  simple  crjHlaU.  Coekteomb  P.  {Kammkitt  Qava.): 
Aggregalioua  of  Eatteiitd  iwiu  tryatnla  In  crest-Iiku  foriiiH.  Upear  P.  {Speerkit*  Qctiu.): 
Twill  cryatnls,  witli  re-euiGriiig  niigles  u  liitle  like  the  bead  of  a  sprar  in  form.  Capillary 
(HaarkUt  Qerm.}:  !□  catpiilaiy  cryBiallizalioua. 

Pyr,,  etc. — Like  pyrile.     Very  liable  lo  decomposilioii,  more  so  than  pyrite. 

Sifl.— Keaemblea  pyrile,  but  baa  a  lower  apecitic  gravity,  and  tbe  color  wbeo  fresh  (t.g. 
after  ireatmeut  wiib  add)  U  paler;  nbtn  crysinllizfd  eiisiiy  dlBtingulabed  by  tbe  forma. 
Uore  Biibject  to  taruieb  and  Uiial  decomposition  Ihnu  pyrite. 

Oba.  — Occurs  abuiidaully  at  Liltniilz  aud  AllsnlteJI.  near  Carlsbad  in  Bohemia:  alsoal 
Joiichlmalhal,  Bohemia,  and  Iti  Saxony  aud  the  Hurl.  Occurs  wilb  galunn  and  fliiorile  iti 
Derbyshire;  in  chalk-marl  beLneen  Folkeslonc  aud  Dover;  near  Alatou Moor,  Cumberlaud; 
618.  «I9.  620. 


Commou  Porm.  QateDa,  111,  Folkestone 

Bchemn its,  Hungary.  At  Warwick,  N.  Y.,  in  cryaials:  massive  at  CummlngtOD,  Ha«s., 
and  at  Lane's  mine.  Monroe.  Cnnu.;  ai  Qalena,  III.,  In  slnlacLltea  with  conccniHc  layers  of 
■pbakrito  and  galena;  Mineral  Point,  Wis.,  in  flue  crystids;  ou  sphalerite  at  Jnplln.  Ho. 

Th«  word  mareatitt.  of  Arabic  or  Moorish  origin  (and  varioualy  used  by  old  wrilers,  for 
btunuth,  antimony),  was  the  name  of  common  crystallized  pyrite  among  minera  and 
mlnenlogisls  In  later  ceulurles,  until  near  the  close  of  the  laal.  It  was  first  given  lo  ihls 
■pedes  by  Ualdloger  In  1845. 

ZiBUlnglt*.  Essentially  iron  dlarsenfde.  FeAa.,  but  passing  Into  FeiAs,  {ImeopyriU); 
also  tending  toward  areeuopyrfle  (FeAeS)  and  sufflorite  (CoAsi),  Uianiiitb  and  antlmonj 
are  sometimes  present.  Usually  massive.  H.  —  *-S-5.  0.  =  7  0-7  4  cbleQy,  alsoS'8. 
Luster  metallic.  Color  between  silver-white  aud  steel-gray.  Sireitk  grnyisb  black. 
Occurs  tn  tbe  Lttlllng-HQt  ten  berg  district  in  Carintbln:  with  niccolile  at  Schladmlng,  etc. 
In  the  U.  B.,  lOlltnglte  occurs  in  Quuulson  Co..  Colorado,  etc. 

Gkvshits  i*  near  lOlliugite,  but  contaius  sulphur;  from  Ocyer,  Saxony, 


Arsenkies  Oerm. 
0-6773  : 


ABSBNOFTBITB,  or  Mibpickel. 
Orthorhombio.  Axes  d:h:i-- 
mm™,  no  A  lIO  =  68'  13'. 
<*■,  lot  A  iOl  =  180'  88'. 
«u',  014  A  0i4  =  88'  ^■. 
nw,  ois  A  oi2=  eraff. 
m*.    ou  A  oil  =  99'  so-. 

Twina;  tw.  pi.  m,  sometimes  re- 
peated like  marcaeite  JFig.  407,  p.  128); 
0  (Itil)  craciform  twins,  also  trillinp 
(Figs.  402,  403,  p.  I'JS).  Crystals  ])riB- 
matic  n>,  or  flattened  vertically  by  the 
oacillfttory  combination  of  braohydomes. 
Also  colnmoar,  straight,  and  divergent; 
granular,  or  compact. 

OlesTAge:  m  rather  distinct;  c  in  faint  traces.    Fracture  uneven. 
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H.  =  5*5-6.     6.  =  5  •9-6*2.      Luster  metallic.     Color  silver-white,  inclining 
to  steel-gray.     Streak  dark  grayish  black.     Opaque. 

Comp.,  Var.— Sulpharsenide  of  iron,  FoAsS  or  FeS^.FeAs,  =  Arsenic  46*0, 
fiulphur  19'7,  iron  34*3  =  100.  Part  of  the  iron  is  sometimes  replaced  by 
cobalt,  as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 

P]^:.,  etc.— Id  the  closed  tube  at  fii-st  gives  a  red  sublimate  of  arsenic  trisulphide,  then 
a  black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes 
and  a  white  sublimate  of  arsenic  trlozide.  B.B.  on  charcoal  gives  arsenical  fumes  and  a 
magnetic  globule.  The  varieties  containing  cobalt  give,  after  the  arsenic  has  been  roasted 
off,  a  blue  color  with  borax-glass  when  fus^  in  O.R  with  successive  portions  of  flux  until 
all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor.  Decomposed 
by  nitric  acid  with  the  separation  of  sulphur. 

Diff.— Characterized  by  its  hardness  and  tin-white  color;  closely  resembles  some  of  the 
sulphides  and  arsenides  of  cobalt  and  nickel,  but  identified,  in  most  cases  easily,  by  its 
blowpipe  characters.     L51iin^ite  docs  not  give  a  decided  sulphur  reaction. 

Obs. — Found  principally  m  crystalline  rocks,  its  usual  mineral  associates  being  ores  of 
silver,  lead,  and  tin,  also  pyrite,  chalcopyrite,  and  sphalerite.  Abundant  at  Freiberg,  etc., 
in  Saxony:  Reichenstcin,  Silesia,  in  serpentine:  in  beds  at  Breitenbrunn,  Andreasberg, 
Joachimsthal;  Tuuuber^.  Sweden;  Skutterud.  Norway;  at  several  points  in  Cornwall. 

In  the  U.  S..  in  N.  Hampshire,  in  gneiss,  at  Franconia  (danaite).  In  Maine,  at  Blue 
Hill,  etc.  In  Conn.,  at  Chatham;  at  Mine  Hill,  Roxbury,  with  siderite.  In  N.  York, 
massive,  in  Lewis,  Essex  Co  ,  with  hornblende;  near  Edenville,  and  elsewhere  in  Orange 
Co.  In  California,  Nevada  Co.,  Grass  valley.  In  crystals  at  St.  Francois,  B^uce  Co. . 
Quebec:  large  beds  occur  in  quartz  ore  veins  at  Deloro,  Hastings  Co.,  Ontario,  where  it  is 
mined  for  gold. 

The  name  mi»pickel  is  an  old  German  term  of  doubtful  origin.  Danaite  is  from 
J.  Freeman  Dana  of  Boston  (1798-1827),  who  made  known  the  Franconia  locality. 

Safflorite.  Like  sroaltite,  essentially  cobalt  diarsenide,  CoAsa.  Form  near  that  of 
arsenopyrite.  Usually  massive.  H.  =  4'5-5.  G.  =  6-9-7*3.  Color  tin-white,  soon  tar- 
nishing.    From  Schneeberg,  Saxony;  Bieber,  Hesse;  Witticlien,  Baden;  Tunaberg,  Sweden. 

Rammelsbergite.  Essentially  nickel  diarsenide,  NiAsa.  like  chloanthite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  =  6-^-7'2.  Color  tin-white  with  tinge  of  red. 
Occui*s  at  Schneeberg  and  at  Riechelsdorf. 

Olaucodot.  Sulpharsenide  of  cobalt  and  iron.  (Co,Fe)ABS.  In  orthorhombic  crystals 
<axes,  etc.,  p.  299).  Also  massive.  H.  =  5.  G.  =  5-90-60I.  Luster  metallic  Color 
grayish  tin-white.  Occurs  in  the  province  of  Iluasco,  Chili;  at  HakausbO,  Sweden. 
Named  from  yXavKd?,  bluet  because  used  for  making  smalt. 

Alloclasite.  Probably  essentially  Co(A8.Bi)S  with  cobalt  in  part  replaced  by  iron;  or 
a  glaucodot  containing  bismuth.  Commonly  in  columnar  to  hemispherical  aggregates. 
H.  =  4*5.     G.  =  6*6.     Color  steel-gray.     From  Orawiiza. 

Wolfachite.  Probably  Ni(As,Sb)S,  near  corynite.  In  small  crvstals  resembling 
arsenopyrite:  also  columnar  radiated.  H.  =  4*5-5.  G.  =6'872.  Color  silver- white  to 
tin- white.    From  Wolfach,  Baden. 


The  following  species  are  tellurides  of  gold,  silver,  etc. 

SYLVANITB.     Graphic  Tellurium.     Schrift-Tellur  Oerm. 

Monoclinic.  a  :  I :  i  =  1-6339  :  1  :  1-1265;  /3  =  89°  35'.  Often  in  branch- 
iiig  arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly columnar  to  granular. 

Cleavage:  b  perfect.  Fracture  uneven.  Brittle.  H.  =  1-5-2.  6.  =  7-9- 
8-3.  Luster  metallic,  brilliant.  Color  and  streak  pure  steel-gray  to  silver- 
white,  inclining  to  yellow. 

Comp.— Telluride  of  gold  and  silver  (Au,Ag)Te,  with  Au  :  Ag=  1  :  i; 
this  requires:  Tellurium  62-1,  gold  24*5,  silver  13-4  =  100. 
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\,  etc.— lu  the  open  tube  ^ives  a  white  sublimate  of  tellurium  dioxide  which  near 
the  aMay  is  gray;  when  treated  with  the  blowpipe  flame  the  sublimate  fuses  to  clear  trans- 
parent drops.  B.B.  ou  charcoal  fuses  to  a  dark  gray  globule,  covering  the  coal  with  n 
white  coaling,  which  treated  in  K.F.  disappeai-s,  giving  a  bluish-green  color  to  the  flame; 
after  lung  blowing  a  yellow,  malleable  metallic  globule  is  obtained.  Most  varieties  give  u 
faiut  coating  of  lead  oxide  tind  antimony  oxide  on  charcoal. 

Obs  — With  gold,  at  Offenb&nya,  Trnnsylvania;  also  at  Nagyfig.  In  Cnliforniji,  Cala- 
venis  Co.,  at  the  Melones  and  Stanislaus  mines.  In  Boulder  Co.,  and  elsewhere  in  Colorado. 
Named  from  Transylvania,  where  first  found,  and  in  allusion  to  aylvanium,  one  of  the 
names  at  first  proposed  for  the  metal  lellurium. 

Krennerite.  A  telluride  of  gold  and  silver  (Au.Ag)Tcs  like  sylvauite.  In  piismatic 
crystals  (orthot  hombic),  vertically  striated.  G.  =  8'o53.  Color  silver- white  to  brass- 
jellow.     From  Nagy&g.  Transylvania;  Cripple  Creek  Colorado. 

Calaybrite.  a  gold-silver  telluride.  Like  sylvauite  (Au,Ag)Tes  with  Au  :  Ag  = 
6:  1  or  7  :  1.  Massive.  H.  =  2*5.  G.  =  9043.  Color  pale  bronzf-yellow  Occurs  with 
petzite  at  the  Stanislaus  mine,  Calaveras  county,  California.  Also  at  the  Ked  Cloud  and 
other  mines,  Ctilorado. 

Calaverite  has  the  same  general  formula  as  sylvanite  but  a  much  higher  percentage  of 
l^ld,  and  may  belong  with  it;  or,  as  seems  probable,  krennerite  may  be  the  crystallized 
form  of  calaverite. 

Na^agite.  A  sulpho-telluride  of  lead  and  gold  ;  containing  also  about  7  p.  c. 
of  antimony.  Orthorhombic.  Crystals  tabular  |6;  also  granular  massive,  foliated. 
Cleavage:  b  perfect;  flexible.  H.  =  1-1  5.  G.  =  6  85-7*2.  Luster  metallic,  splendent. 
Streak  and  color  blackish  lead-gray.  Opaque.  From  Nagy&g,  Transylvania;  and  at 
OCfenb&uya.    Reported  from  Colorado. 

Oxysulphides. 

Here  are  included  Kermesite,  Sb,S,0,  and  Voltzite,  Zn^S^O. 

Xermetite.  Antimonblende,  Rothspiessglanzerz  Oerm.  Pyro.stibite.  Antimony  oxY' 
sulphide,  SbsSiO  or  2Sb3S3.SbiOa.  Monoclinic.  Usually  in  tufts  of  capillary  crystals. 
Cleavage:  a  perfect.     H.  =  1-1  5.     G.  =4  5-4-0.     Luster  a»]amantine.     Color  cherry-red. 

Results  from  the  alteration  of  stibnite.  Occurs  at  Mnhiczka,  Hungary;  Brftuusdorf, 
Saxony;  Allemout,  Dauphine.  At  South  Hum,  Wolfe  Co.,  Quebec,  Canada :  with  native 
antimony  and  stibnite  at  the  Prince  William  mine,  York  Co.,  New  Brunswick. 

Named  from  kermei,  a  name  given  (from  the  Persian  qunnizq.  crimson)  in  the  older 
chemistry  to  red  amorphous  antimony  trisulpliide,  often  mixed  with  antimony  trioxide. 

Voltsite.  Zinc  oxysulphide,  Zn.SiO  or  4ZnS.ZnO.  In  implanted  spherical  globules; 
H,  ==  4-4*5.  Q,  =  8'66-8'80.  Color  dirty  rose-red.  yellowish.  Occurs  at  Rosidres,  Puy 
de  Ddme;  Joachimsthal;  Marienberg.  Saxony  {leberbUnde), 
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m.  SXTIiPHO-SAIiTS. 

L  Sulphaxsenites,  Sulphantimonites,  Salphobismuthites. 
II.  Sulphaxsenates,  Sulphostannates,  etc. 


I.  Sulphaxsenites,  Sulphantimonites,  etc. 

In  these  sulpho-salts^  as  further  explained  on  p.  248,  sulphur  takes  the 
place  of  the  oxygen  in  the  commoner  and  better  understood  oxygen  acids  (as 
carbonic  acid,  H,CO„  sulphuric  acid,  H^SO^,  phosphoric  acid,  H,rO^,  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivalent  arsenic^ 
antimony  and  bismuth.  The  most  important  acids  are  the  ortho-acids, 
H,Asc>,,  etc.,  and  the  meta-acids,  H,AsS„  etc.;  but  H^As.S^,  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  silver, 
lead  ;  also  zinc,  mercury,  iron,  rarely  others  (as  Ni,  Co)  in  small  amount.  In 
view  of  the  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writing 
the  composition  after  the  dualistic  method,  RS.As,S„  2RS.As,S„  etc. 

As  a  large  part  of  the  fifty  species  here  included  are  rare  and  hence  to  be 
mentioned  but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpharsenites,  etc., 
with  the  prominent  species  under  each,  are  as  follows: 


A.  Acidic  Division. 

B.  Meta-  Division. 

General  formula: 


RS  :  (A8,Sb,Bi),S,  =  1  :  2,  2  :  3,  3  :  4,  4  :  5, 

RS :  (A8,Sb,Bi),S,  =  1:1. 
RAs,S„RSb,S„RBi,S,. 


Ziukenite  Group. 

Zinkenite  PbS.Sb,S,  Emplectite 

Sartorite  PbS.As,S,  ChalcoBtibil 

Also 

Miargyrite  Ag,S.Sb,S,  Lorandite 


Cu,S.Bi,S, 
Cu,S.Sb,S„  etc 

Tl,S.As,S, 


C.  Intermediate  Division.        RS  :  (As,Sb,Bi),S.  =  5  :  4,  3  :  2,  2  : 1,  5  :  2. 

Here  belong 


Plagionite 

Schirmerite 
Binnite 


5PbS.4Sb,S,. 


3(Ag„Pb)S.2Bi,S. 
3Cu,S.2A8,S, 


Klaprotholite 
Warrenite 


Jamesonite  Group. 

2PbS.Sb,S,  Cosalite 

2PbS.As,S, 

Also  Freieslebenite  5(Ag„Pb)S.2Sb,S.  Bonlangerite 


Jamesonite 
DofrenoyBite 


3Cu,S.2Bi,S„  etc. 
3PbS.2Sb,S, 


2PbS.Bi,S„  eta 


5PbS.2Sb2Sj 
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D.  OrthO-  Division.  KS  :  (A8,Sb,Bi).S.  =  3:1. 

General  formula:  E.A8S.,R,SbS,;    R,A8,S„R,Sb,S^  etc 

Bournouite  Group. 

Bonmoiiite  3(Cu„Pb)S.Sb,S.  Wittichenite  3Cu,S.  Bi.S, 

Aikinite  3(Pb,Cu,)S.Bi,S,  Lillianite  3PbS.Bi,S^  etc 

Pyrarsryrite  Group. 
Pyrargyrite  3Ag,S.Sb,S,  Prourtite  3Ag,S.A8,S, 

E.  Basic  DiTiSlon.        BS  :  (As,Sb,Bi),S,  =  4  : 1,  5  : 1,  6  : 1,  9  : 1, 12 :  L 

Tetrahedrite  Group. 
Tttrahedrite  4Gu,S.Sb,S,  Tennantite  4Gu,S.A8,S, 

Jordanite  Group. 

Jordanite  4PbS.A8,S,  Meneghinite  4PbS.Sb,S. 

Also 
Oeoeronite  5PbS.Sb,S,  Stephanite  5Ag,S.Sb,S, 

Kilbriekenite  6PbS.Sb,S.  Beogerite  6PbS.Bi,S. 

Polybasite  Group. 
Polylwaite  9Ag.S.Sb,S,  Pearceite  9Ag.S.A8,S. 

Polyargyrite  12Ag,S.Sb,S, 


A.  Acidic  Division. 

Ziivingitoiiito.    Hg8.2SbL8,.    Resembles  stibuite  in  form.    Color  lead-gray;   streak 
red.    H  =  2.    G.  =4*81.    From  Huitzuco,  Mexico. 

Ohhriatito.    2PbS.8Bi,S,.    Foliated  mossiyc.    Color  lead-gray.     From  Chiviato,  Peru. 

Onprobiamiitite.    Probnbly  8Cu,S.4BisS3.  in  pnrt  argentiferous.    Resembles  bismuth- 
Inite.    G.  =  6*8-6 -7.    Prom  Hall  valley,  Park  Co.,  Colorado. 

RcsbAiiyito.    4PbS.5Bi,S,.    Fine-granular,  massive.    Color  lead-gray.    G.  =  6*1-6*4 
From  Rezbanya,  Hungary. 


B.  Meta-  Division.    RS.A8,S„  RS.Sb.S,,  etc 

Zinkenite  Group.     Orthorhombic. 

ZINKBNXTB.    Bleiantimonglanz  Qerm.    Ziuckenite. 

Orthorhombic.  Axes  d  :l:i-=  0*5575  :  1  :  0*6353.  Crystals  seldom  dis- 
tinct; sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitadinally  striated.    Also  colamnar,  fibrons,  massive. 

Cleavage  not  distinct.  Fracture  slightly  nneven.  H.  =  3-3*5.  O.  =  5*30- 
6*35.    Luster  metallic    Color  and  streak  steel-gray.    Opaque. 
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Comp.— PbSb,S,  or  PbS.Sb.S,  =  Sulphur  22-3,  antimony  41-8,  lead  35-9  = 
100.    Arsenic  sometimes  replaces  part  of  the  antimony. 

Pyr.,  etc.^DecTepiintes  aud  fuses  very  easily;  iu  tbe  closed  tul)e  gives  a  faint  subli- 
mate of  sulphur,  and  autimony  trisulpbicfe.  Iu  the  open  tube  sulphurous  fumes  aud  a 
white  sublimate  of  oxide  of  autimouy;  the  arsenical  variety  gives  also  arsenical  fuiites.  On 
charcoal  is  almost  entirely  volatilized,  giving  a  coating  whicii  ou  the  outer  edge  is  white, 
and  near  the  assay  dark  yellow;  with  soda  iu  R.F.  yields  globules  of  lead.  Soluble  iu  hot 
hydrochloric  acid  with  evolution  of  hydrogeu  sulphide  and  separation  of  lead  chloride  ou 
cooling. 

Obs.— Occurs  at  Wolfsbcrg  in  the  Harz;  Einzigthal,  Baden;  Sevier  County,  Arkanras; 
Sau  Juan  Co.,  Colorado. 

Andorite.  AgsS.2PbS.3SbsSB.  In  prismatic,  orthorhombic  crystals.  Color  dark  gnty 
to  black.     From  FelsObauya.     Webnerite  and  Sundtite  belong  here. 

Sartorite.  Skleroklas  Oerm.  PbS.As«8s.  In  slender,  striated  crystals.  Q.  =  5  S9S. 
Color  dark  lead-gray.     Occurs  iu  the  dolomite  of  the  Binuenthal. 

Bmplectite.  Eupferwisuiuthglanz  Oerm,  Cu«8.Bi,Sa.  In  thin  striated  prisma 
Q.  =  6'8-6'5.  Color  grayish  white  to  tin-white.  Occurs  in  quartz  at  Schwarzeuberg  aud 
Annaberg,  Saxony. 

Ohalcostibite.  Wolfsbergite.  Kupferantimonglanz  (?^rfii.  Cu,S  Sb^S,.  In  small  aggre- 
gated prisms;  also  fine  granular,  massive.  G.  =  4'75-5*0.  Color  between  lead-gruy  aud 
iron-gray.     From  Wolfsberg  in  the  Harz.     Ouejai-ite  from  Spain  is  the  same  species. 

Galenobismutite.  PbS.Bi,S,;  also  with  Ae.Cu.  CiysUilline  columnar  to  compact. 
Color  lejid-gray  lo  tin-white.  G.  =6*9.  From  Nordmark.  Sweden;  Poughkeepsie  Gulch, 
Colorado  (alaskaite,  argentiferous);  Falun,  Sweden  (seleuiferous). 

Berthierite.  Probably  FeS.8b-8$.  Fibrous  massive,  granular.  G.  =  40.  Color  dark 
steel-gray.    From  Chazelles  and  Martouret,  Auvergne;  Braunsdorf,  Saxony,  eta 

Matildite.  AsfiS.BiaSa.  In  slender,  prismatic  crystals.  G.  =  6*9  Color  gray. 
From  Morochoca,  Peru;  Lake  City,  Colorado.  Plena rgtbitb,  from  Schapbacb,  Baden, 
has  probably  the  same  composition  and  may  be  identical. 

Miarg3rrite.  Ag,S.Sb,Sa.  In  complex  monocliuic  crystals,  also  massive.  H.  =  2>2'5. 
G.  =  51-5  80.  Luster  metallic-adamantine.  Ccilor  iron-black  to  steel-gray,  in  thin  splin- 
ters deep  blood-red  Streak  cherry-red.  From  Brftunsdorf,  Saxony;  FelsOb&nya;  PHbram, 
Bohemiu;  Clausthal,  etc. 

I«orandite.  A  sulpharsenide  of  thallium,  TlAsS,.  Monoclinic.  Color  cochineal-red. 
From  Allchar,  Macedonia. 


C.  Intermediate  Division. 


Plagionite.  Perhaps  5PbS.4Sb,8s.  Crystals  thick  tabular,  monoclinic;  also  mawive, 
granular  to  compact.    G.  =  54.     Color  blackish  lead-gray.    From  Wolfsberg,  etc. 

Schirmerite.  3(Air,.Pb)S.2Bi,8«.  Massive,  granular.  G.  =  6'74.  Color  lead.gray. 
Treasury  lode.  Park  Co.,  Colorado. 

Elaprotholite.  3CuiS  Bia8«.  In  furrowed  prismatic  crystals.  G.  =4'6.  Color  steel- 
gray.     Wittichen,  Baden. 

Binnite.  Perhaps  8Cu,S.2As,8,  Isometric- tetrahedral;  also  masrive.  G.  =4  477. 
Color  dark  steel-gray  to  iron-black.     From  the  dolomite  of  t4ie  Binuenthal. 

Warrenite.  Domingite.  8PS.2Sb,S3.  In  wool-like  aggregates  of  aclcular  crystals. 
Color  grayish  black.     Gunnison  Co.,  Colorado. 


Janiesoiiitc  Group.      2RS.A8,S,,  2RS  Sb,S,,  etc.       Orthorhombic.      Pris- 
matic angle  about  80°. 

JAMXSSONITB. 

Orthorhombic.  Axes:  *  :  J  =  0*8915  : 1.  mm'''  =  78°  40'.  In  acicalar 
crystals;  common  in  capillary  forms;  also  fibrous  massive,  parallel  or  dlTergent; 
compact  massive. 
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Cleavage:  basal,  perfect;  h^  m  less  so.  Fracture  nneven  to  conchoidaL 
Brittle.  H.  =  2-3.  6.  =  5*5-G*0.  Luster  metallic.  Color  steel-gray  to  dark 
lead-gray.     Streak  grayish  black.     Opaque. 

Comp— Pb.Sb.S.  or  2PbS.Sb,S,  =  Sulphur  19-7,  antimony  29-6,  lead  50-8  = 
100.  Most  varieties  show  a  little  iron  (1  to  3  p.  c),  and  some  contain  also 
silver,  copper,  and  zinc. 

Pyr. — Saiue  ns  for  zinkenite,  p.  807. 

Oba. — Occurs  priucipally  in  Cornwull ;  also  in  Siberia;  Hungary;  at  Yaleutia d'Alcautara 
!n  Spain;  at  the  autiuiony  mines  in  Sevier  Co.,  Arkansas.  Named  after  Prof,  liobert 
Jameson  of  Etiinburgh  (1774-1854). 

The  feather  ore  (Federerz  Germ.)  occurs  at  Wolfsberg,  etc.,  in  the  Harz;  Freiberg^ 
Schemnitz;  in  Tuscany,  near  Bottiuo. 

Dofrenoysite.  2PbS.A8iS3.  In  bigbly  modified  orthoriiombic  crystals;  also  massive* 
Cleavaffe:  c  perfect.  H.  =  3.  G.  =  5*55-6*57.  Color  blackish  lead-gray.  From  the  Bin- 
DeDthuT,  Switzerland,  in  dolomile. 

Rathitb.     a  sulpharsenite  of  lead  resembling  dufrenoysite.     From  the  Binnenthal. 

CoMlite.  2Pb8.Bi,8s.  Usually  massive,  fibrous  or  radiated.  Q.  =  6'39-6'75.  Color 
lead-  or  steel-gray.  Cosala,  Province  of  Siualoa,  Mexico;  Bjelke.mine  (bfelkite),  Nord- 
mark,  Sweden;  Colorado. 


Xobellito.    2Pb8.(Bi,Sb)sSs.    Fibrous  radiated  or  granular  massive.    G.  =  6  8.    Color 
lead-gray  to  steel-gray.     From  Hvena,  Sweden;  Ouray,  Colorado. 

Brongniardite.    PbS.AgsS.SbaSa.    In  isometric  octahedrons  and  massive.    G.  =  5*950. 
Color  gmyish  black.    From  Mexico. 

8«mae3rite.    Near  jamesouite,   perhaps  TPbS.SSbaSa.      lu  small  tabular    moDOclinic 
crystals.     G.  =  6*95.    Color  gray.     From  FelsOb&nya,  Hungai-y. 

SohaplMiohite.    PhS.AgsS.BisSa.    In  aricular  crystals  and  granular  massive.    G.  = 
6*48.    Color  lead-gray,    from  Schapbach,  Btideu. 


FRBIB8Z«BBfiNlTil. 

Monoclinic.     Axes  a:h:d  =  0-5871  :  1  :  0-9277;  /?  =  87°  46'.   Habit  pris* 

matic     O.  =  6'2-6'4.     Luster  metallic.     Color  and  streak   light  steel-gray 

inclining  to  silver-white,  also  to  blackish  lead-gray. 

Co«p^(Pb.AffJ,Sb,S..  or  5(Pb,AgJS.2Sb,S.. 

Oba.  — From  Iho  HimmelsrUrst  mine,  at  Freiberg,  Saxony;  Kapnik,  Hungary;  FelsO* 
bdoya;  Hicnflelenchia,  Spain;  also  from  the  Augusta  Mt.,  Gunnison  Co.,  Colorado. 

Diaphoxite.    Like  freieslebenite  in  composition  but  orthorhombic  in  form.    G.  =  5*9» 
From  Pfibram,  Bohemia. 

BOXJI.ANOBRITB. 

Orthorhombic.  In  crystalline  ])lumose  masses;  granular,  compact.  H.  = 
2-5-3.  G.  =  6'76-6'0.  Luster  metallic.  Color  bluish  lead-gray;  often  covered 
with  vellow  spots  from  oxidation.     Opaque. 

Comp,— Pb,Sb,S„  or  5PbS.2Sb,S,  =  Sulphur  18-9,  antimony  25-7,  lead 
55-4  =  100. 


r. — Snme  as  for  ziokenite,  p.  807. 

Oba. — Moli^re*,  Depart,  du  Gnrd,  Franco;  at  Nerchinsk;  Wolfsbere  in  the  Harz; 
Pfibrnm.  Bohemia:  nanrBottino  Tuscany;  £clio  District,  Union  county,  Nevnda. 

3mMthiU  un(i  piumboBtib  are  from  Nerchinsk:  they  correspond  nearly  to  lOPbS.SSbsSa.. 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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D.  Ortho-  Division.    SRS.As.S.,  3RS.Sb.S„  etc 
Bournouite  Group.     Orthorhombic.     Prismatic  angle  86^  to  87^ 

BOURNONITX3.     Rfldelei*z  Qerm.    Wheel  Ore. 
Orthorhombic.     Axes :  a  :  5  :  <J  =  0-9380  :  1  :  0*8969. 


mm",  110  A  110  =  86'  20' 

en,  001  A  Oil  =  41'  58' 

CO,        001  A  101  =  43'  43' 

eu,  001  A  113  -  88*  15' 

624. 


626. 


626. 


Harz. 


Nagydg. 


Kapnik. 


Twins :  tw.  pi.  m,  often  repeated,  forming  cruciform  and  wheel  shaped 
crystals.     Also  massive;  granular,  compact. 

Cleavage :  h  imperfect ;  a,  c  less  distinct.  Fracture  subconchoidal  to  uneven. 
Eatlier  brittle.  H.  =  2-5-3.  G.  =  5-7-5-9.  Luster  metallic,  brilliant.  Color 
and  streak  steel-gray,  inclining  to  blackish  lead-gray  or  iron-black.     Opaque. 

Coinp.-(Pb,Cu,),Sb,S.  or  3(Pb,Cu,)S.Sb,S.  =  PbCuSbS.  (if  Pb  :  Cu,  = 
2:1)  =  Sulphur  198,  antimony  247,  lead  425,  copper  130  =  100. 

Pyr.,  etc. — In  the  closed  tube  decrepiUites.  and  gives  a  dark  red  sublimute.  In  the  open 
tube  gives  sulphur  dioxide,  and  a  white  sublimute  of  oxide  of  nntimony.  B.B.  on  charcoal 
fuses  e:isily,  nnd  at  tirst  coats  the  coal  white;  continued  blowing  gives  a  yellow  coating  of 
lead  oxide;  ihe  residue,  treated  with  soda  in  li.F.,  gives  a  globule  of  copper.  Decompoaed 
by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
po\\der  coiitninlDg  antimony  and  lead. 

Obs.— From  Neudorf  in  tlie  Harz;  also  Wolf sberg,  Clausthal,  and  Andreasberg;  Pfibram, 
Bohemia;  Kapnik,  Hungary;  Eudel  lion  at  Wheal  Boys,  Cornwall;  in  Mexico;  HuascoAJto, 
Chili. 

In  I  he  U.  S..  at  the  Bogies  mine.  Yavapai  Co  ,  Arizona;  also  Montgomery  Co  ,  Arkansas; 
reported  from  Sun  Juan  Co.,  Colorado.  In  Canada,  in  the  township  of  Marmora,  Hastings 
Co.,  and  Darlin«r,  Lanarli  Co..  Ontario. 

Aikinite.  8(Pb.Cu5,)S.Bi3S«.  Acicular  crystals;  also  massive.  G.  =  6'l-6'8.  Color 
blackish  lead-gray.     From  Berezov  near  Ekaterinburg,  Urals. 

Wiltichenite.  SCuaS.BiaSa.  Rarely  in  crystals  resembling  boumonite;  also  massive. 
O.  =  4'5.     Color  steel-gray  or  tin-white.     Witticheu,  Baden,  etc. 

Stylotypite.  8(Cu,,Aga,Fe)S.Sb9Sa.  In  orthorhombic  crystals,  in  cruciform  twins  like 
bournonite.     G.  =  4'79.     Color  iron-black.     Copiapo,  Chili. 


liillianite.     dPbS.BiSbSa  and  8Pl>S.Bi,S).     Massive,  crystalline.     Color  steelgnj* 
Hvena.  Sweden;  Leadville,  Colorado  (argentiferous). 

Guitermanite.     Perhaps  BPbS.As^Sa.     Massive,  compact.    G.  =  5'M.    Color  bluish 
gray.     Zufii  mine,  Silverton.  Colorado. 

Tapalpite.    A  sulphotelluride  of  bismuth  and  silver,  perhaps  8Ag«(S,Te).Bit(S,Te)a. 
Massive,  granular.    G.  =  7*80.    Sierra  de  Tapalpa,  Jalisco,  Mexico. 
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Pyrargyrite  Group.    Rhombohedral-hemimorphic. 


Ruby  Silver  Ore.    Dark  Red  Silver  Ore.    Dunkles  Rotbgaltigerz, 
AntimoDsilberbleude  Oerm. 

Rhombohedral-hemimorphic.    Axis:  i  =  0  7892;  0001  A  lOll  =  42°  20^'. 


ee\   0112  A  1012  =  42*  6* 
rf,   1011  A  1101  =  7r  22' 

627. 


628. 


w',  2l8l  A  23il  =  74'  25' 
w^,  2l8l  A  3121  =  85*  12' 

629. 


Crystals  commonly  prismatic.    Twins:  tw.  pi.  a,  very  common,  the  axes  6 
parallel;  u  (1014^,  also  common.    Also  massive,  compact. 

Cleavage:  r  distinct;  ^  imperfect.    Fracture  conchoidal  to  uneven.  Brittle. 
.  =  2*5.     G.  =  5T7-5'86;  5'85  if  pure.     Luster  metallic-adamantine.    Color 


H 


—      -__-     —  ^  ^       .         __    _-_ —  —     _  — 

black  to  grayish  black,  by  transmitted  light  deep  red.  Streak  purplish  red. 
Nearly  opaque,  but  transparent  in  very  thin  splinters.  Optically  — .  Refractive 
indices,  oo  =  3-084,  e  =  2-881  Fizeau. 

Com^— Ag,SbS,  or  3Ag,S.Sb,S,  =  Sulphur  17*8,  antimony  22-3,  silver  59-9 
=  100.     Some  varieties  contain  small  amounts  of  arsenic. 


r.,  etc. — Id  the  closed  tube  fuses  and  gives  a  reddish  sublimate  of  antimony  ozysul- 

Sbide;  in  the  open  tube  sulphurous  fumes  and  a  ^hite  sublimate  of  oxide  of  antimony. 
LB.  on  charcoal  fuses  with  spirting  to  a  globule,  conts  the  coal  white,  and  the  assay  is 
converted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  RF.,  gives  n  globule 
of  silver.  In  case  arsenic  is  present  it  may  be  detected  by  fusing  the  pulverized  mineral 
with  Boda  on  charcoal  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulphur 
and  of  afitimony  trioxide. 

Obf. — Occurs  at  Andrensberg  in  the  Harz;  Freiberg,  Snxony;  Pfibram,  Bohemia; 
Schemnitz,  etc.,  Hungtiry;  Kongsberg.  Norway;  Gaudnlcanal,  Spain;  in  Cornwall.  In 
Mexico  it  is  worked  at  Quanajuato  and  elsewhere  as  an  ore  of  silver.  In  Chili  with  proust- 
ite  at  Chafiarcillo  near  Coplapo. 

In  Colorado,  not  uncommon;  thus  in  Ruby  district,  Gunnison  Co.:  with  sphalerite  in 
Sneffle's  distr ,  Ouray  Co.,  etc  In  Nevada,  at  Washoe  in  Daney  Mine;  about  Austin, 
Reese  river;  at  Poorman  lode.  Idaho,  in  masses  with  cerargyrite.  In  New  Mexico,  Utah, 
and  Arizona  with  silver  ores  at  various  points. 

Named  from  Kvp,flre,  and  apyvpoi,  silver,  in  allusion  to  the  color. 

PROUSTITB.  Ruby  Silver  Ore.  Light  Red  Silver  Ore.  Lichtes  Rothgdltigerz. 
Arsensilberblende  Qerm, 

Bhombohedral-hemimorphic.    Axis  6  =  0-8039;  0001  MOll  =  42°  62'. 

ed*.  aii2  A  l012  =  42'  46'  vff,  2lSl  A  2311  =  74*  8^ 

r/,  lOil  A  ilOl  =  72*  12'  w^  2l8l  a  8121  =  85*  IS* 

Orysials  often  acute  rhombohedral  or  scalenohedral.      Twins:  tw.  pL 
«  (10l4)  ftnd  n    Alio  massive,  compact. 
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Cleavage:  r  distinct.  Fracture  conehoidal  to  uneven.  Brittle.  H.  =  2-2*5. 
G.  =  5'57-5C4;  5*57  if  pure.  Luster  adamantine.  Color  scarlet-vermilion; 
streak  same,  also  inclined  to  aurora-red.  Transparent  to  translucent.  Op- 
tically negative.     Double  refraction  strong.     0;^  =  2*979. 

Comp.— AgjAsS,  or  3Ag,S.As,S,  =  Sulphur  19*4,  arsenic  15*2,  silver  65*4 
=  100. 

Pyr..  etc. — lu  the  closed  tube  fuses  easily,  and  gives  a  faiDt  sublimate  of  arsenic  tri- 
sulpliide;  iu  the  open  lube  sulphurous  fumes  und  u  wliite  crystulline  sublimate  of  ar»euic 
trioxide.  B.B.  on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  withsoduiu 
K.F.  gives  a  globule  of  silver.     Decomposed  by  nitric  acid,  with  sepHraiion  of  sulphur. 

Obs. — Occurs  at  Freiberg,  Johunngeorgenstudt,  etc..  in  Saxony;  Joachimsthal,  Bohemia; 
Chahinclies  in  Dauphiiie;  GuadnUaual  in  Spain;  iu  Mexico;  Peru;  Chili,  at  Cbafiarcillo  iu 
muKuiticent  crystallizaiiin.s. 

In  Colorado,  Ruby  disir.,  Gunnison  Co.;  Sheridan  mine.  San  Miguel  Co.;  Yankee  Girl 
mine,  Ouray  Co.  In  Arizona,  with  silver  ores  at  vaiious  points.  In  Nevada,  in  the  Daney 
mine,  and  in  Comstock  lode,  rare;  Idaho,  at  the  Poorman  lode. 

Named  after  the  French  chemist,  J.  L.  Prousl  (1755-18*i6). 

Sanguinite.  Near  proustite  in  composition.  In  glittering  scales,  hexagonal  or  rbombo- 
hedral.     From  Chaiiarcillo,  Chili. 

Falkenhaynite.  Perhaps  SCuaS.SbaSa.  Massive,  resembling  galena.  From  Joachims- 
tli.'il,  Bohemia. 

Pyrostilpnite.  Like  pyrargyrite,  SAgiS  SbaSa.  In  tufts  of  slender  (monoclinic)  crys- 
tals.   G.  =425.    Color  hyacinth- red.    P'rom  Andreasbarg  in  the  Harz;  Freiberg;  Pribram. 

Rittingerite  Contains  arsenic,  selenium,  and  silver.  In  small  tabular  crystals. 
G.  =  5'63.  Color  blackish  browrn  to  iron  bluck;  hyacinth-red  by  transmitted  light,  btreak 
orange-yellow.     From  Chafiarcillo,  Chili. 


E.  Basic  Division. 
Tetrahedrite  Group.     Isometric-tetrahedral. 

TETRAHXSDRITE.     Gray  Copper  Ore.     Fahlcrz  Oerm. 

Isometric-tetrahedral.  Habit  tetrahedral.  Twins:  tw.  pi.  0;  also  with 
parallel  axes  (Fig.  354,  p.  121,  Fig.  370,  p.  124).  Also  massive;  granular, 
coarse  or  fine;  compact. 


630. 


631. 


632. 


Cleavage  none.  Fracture  siibconchoidal  to  uneven.  Rather  brittle. 
IT.  =  :^-4.  0.  =  4-4-r)l.  Luster  metallic,  often  splendent.  Color  between 
flint  pray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
and  cherry-red.  Opaque;  sometimes  subtranslucent  (cherry-red)  m  very  thin 
splinters. 

Comp.,  Yar.— Essentially  Cu.Sb,S,  or  4Cu,S.Sb,S,  =  Sulphur  23-1,  anti- 
mony 24*8,  copper  521  =  100. 
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Autimouy  and  arsenic  are  usually  both  present  and  thus  tetrahedrite  graduates  into  the 
allied  species  tennautite.  There  are  also  varieties  coutaining  bismuth,  chiefly  at  the 
arseDical  end  of  the  series.  Fuither  the  copper  may  be  replaced  by  iron,  zinc,  silver, 
mercury,  lead,  and  rarely  cobalt  and  nickel. 

Var. — Ordinary,  Ck)ntains  little  or  no  silver.  Color  steel-gray  to  dark  gray  and  iron- 
black.     G.  =  4  7(M  9. 

Argent(ferou$;  Freib&rgiU,  Weissgiltigerz  Oerm.  Contains  8  to  80  p.  c.  of  silver.  Color 
uaually  steel-gray,  lighter  than  the  ordinary  varieties;  sometimes  iron-black;  streak  often 
reddiah.    G.  =  4'85-6-0. 

MiBreurial;  iSchwaUite,  Contains  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  iron- 
black.     Luster  often  dull.     G.  =  5*10  chiefly. 

MaUnau>BkUe,  from  Peru  and  a  similar  variety  from  Arizona,  contain  18-16  p.  c.  of  lead. 

Pyr.,  9lic. — Differ  in  the  different  varieties.  In  the  closed  tube  all  the  autimonial  kinds 
fuse  and  give  a  dark  red  sublimate  of  antimony  oxysulphide;  if  much  arsenic  is  present,  a 
tablimate  of  arsenic  trisulphide  first  forms.  In  the  open  tube  fuses,  gives  sulphurous  fumes 
and  a  white  sublimate  of  antimony  oxide;  if  arsenic  is  present,  a  crystalline  volatile  subli- 
mate condenses  with  the  antimony;  if  the  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B.B.  on  charcoal  fuses,  gives  a  coating  of  the  oxides  of  antimony  and 
•ometimes  arsenic,  zinc,  and  lead;  arsenic  is  detected  by  the  odor  when  the  coating  is  treated 
in  R.F.  The  roasted  mineral  gives  with  the  fluxes  reactions  for  iron  and  copper;  with  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  with  separation  of  sulphur 
and  antimony  trioxide. 

DUfL — Distiuguished  by  its  form,  when  crystallized,  by  its  deep  black  color  on  fracture 
and  brilliant  metallic  luster.  It  is  harder  than  boumonite  and  much  softer  than  magnetite; 
the  blowpipe  characters  are  usually  distinctive. 

Oba.~0ften  associated  with  chalcopyrite,  pyrite,  sphalerite,  golena,  and  various  other 
•ilTer,  lead,  and  copper  ores;  also  sidente.  Occurs  at  mouy  Cornish  mines;  thus  at  the 
Herodsfoot  mine,  Liskeard.  in  tetrahedral  crystals  often  coated  with  iridescent  chalcopyriie; 
the  Levant  mine  near  St.  Just.  From  Andrensberg  and  Clausthal  in  the  Harz;  Freiberg, 
Bazony;  Dillenburg  and  Horhausen  in  Nassau;  at  Mttsen;  various  mines  in  the  Black 
Forest;  Pribram,  Bohemia;  Eo^el  near  Brixleggiu  Tyrol;  Enpnik,  Herrengrund,  Hungary. 
In  Mexico,  at  Durango,  Guanajuato;  Chili;  Bolivia,  etc.  The  argentiferous  variety  occun 
espechilly  at  Freiberg;  Pribram;  Huallanca  in  Peru,  and  elsewhere.  The  fTi^revrtal  variety 
at  ScbmOlnitz,  Hungary;  Schwatz,  Tyrol;   valleys  of  Angina  and  Castello,  Tuscany. 

In  the  U.  8.,  tetraheidrite  occurs  at  the  Kellogg  mines,  Arkansas.    In  Colorado,  in  Clear 
Creek  and  Summit  Cos.;   the  Ulay  mine.  Lake  Co.;  with  pyrargyrite  in  Ruby  district,. 
Onnniaon  Co..  etc.    Much  of  the  Colorado  *'grav  copper"  is  tenuantite  (see  below).    In 
Nevada,  abundant  in  Humboldt  Co.;   near  Austin  in  Lauder  Co.;   Isabella  mine,  Reese: 
river.    In  Arizona  at  the  Heintzelman  mine;  at  various  points  in  British  Columbia. 

TENNANTTTB. 

Isometric-tetrahedral.  Crystals  often  dodeoahedral.  Also  massive,  com- 
pact.    H.  =  3-4.     G.  =  4*37-4 '49.     Color  blackish  lead -gray  to  iron-black. 

Coiiip. — Essentially  Cu.As.S,  or  4Cu,S.A8,S,  =  Sulphur  25-5,  arsenic  17'0, 
copper  57*5  =  100. 

Var. —Of ten  contains  antimony  and  thus  graduates  into  tetrahedrite.  The  original  ten- 
Dantite  from  Cornwall  contains  only  copper  and  iron.     In  cr}'stal8,  habit  dodeciihednil. 

SandbergerHe.  KupferhUnde  Oerm,,  contains  7  p.  c.  of  zinc.  Fredrieite  from  Sweden  has, 
besides  copper,  also  iron,  lead,  silver,  and  tin. 

Pound  at  the  Cornish  mines,  particularly  at  Wheal  Jewel  in  Gwennnp,  and  Wheal  Unity 
in  Owinear:  tiXYTe\\ier^{KupferUende)\  atthe  Wilhelmiue  mine  in  the  Spessart:  Skuttenuf, 
Norway.  Near  Central  Citv  and  elsewhere  in  Colorado.  At  Capelton,  Pr.  Quebec.  Canada. 
Named  after  the  chemist,  Smithson  Tennant  (1761-1815).     See  further  above. 


JorcUnlta.  4Pb8.A8fl8t.  Monoclinic;  often  pseudohexagoual  by  twinning.  G.  =  6  30. 
Color  lead-gmj.    From  the  Binnenthal;  Nagy&g,  Transylvania. 

M •negliiiiite.  4Pb8.8b«8t.  Orthorhombic.  In  slender  prismatic  crystals;  hIso  nif»svive. 
O.  =  6'84-4l'48.  Golor  blackish  lead-gray.  From  Bottino,  Tusamy;  Murble  Luke.  Barrie 
owoaliip,  Onlailo.  « 
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8TBPHANITB.     Melanglanz  Oerm,    Brittle  Silver  Ore. 
Orthorhombic.     Axes  &'.l\i  =  0-6293  :  1  :  0-6851. 

633.  mm",  110  A  110  =  64"  21'        cd.  001  A  (»1  =  68'  S^ 

cfi,       001  A  101  =  47'  26'        eh,  001  A  112  =  82*  45' 
ek,        001  A  Oil  =  84'  25'       cP.  001  A  HI  =  52"    9* 

Crystals  usually  short  prismatic  or  tabular  |  i.  Twins: 
tw.   pi.    niy    often    repeated,   pseudo-hexagonal.     Also 
massive,  compact  and  disseminated. 
•       Cleavage :  d,  J  imperfect.    Fracture  subconchoidal  to  uneven.    Brittle.    H. 
=  2-3*5.  G.  =  6*2-6-3.  Luster  metallic.   Color  and  streak  iron-black.  Opaque. 

Comp Ag.SbS,  or  5Ag,S.Sb,S,  =  Sulphur  16'3,  antimony  15*2,  silver  68*5 

=  100. 

Pyr. — In  the  closed  tube  decrepiiutes,  fuses,  uud  after  long  heating  gives  a  faiut 
subliiimte  of  antimony  oxysulphide.  lu  the  open  tube  fuses,  giving  off  antimonial  and 
Bulpburous  fumes.  V^.B,  on  churcoul  fuses  with  projection  of  small  particles,  coats  the  coal 
with  oxide  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and 
a  globule  of  metallic  silver  is  obtained.  Soluble  in  dilute  heated  nitric  ncid,  sulphur  and 
antimony  ti  ioxide  being  deposited. 

Obs.— In  veins,  with  other  silver  ores,  at  Freiberg,  Schneeberg.  etc.,  in  Snxony;  Pribram, 
Bohemia:  Schemnitz,  Hungary;  Andreasberg  in  the  Ilarz;  Kongsberg,  Norway;  Wheal 
Newton.  Cornwall;  ^exico;  Peru;  Chaiiarcillo,  Chili. 

In  Nevada,  in  the  Comstock  lode,  Reese  river,  etc.  In  Idaho,  at  the  silver  mines  at 
Yankee  Fork,  Queen's  Kiver  district. 

Named  after  the  Aichduke  Stephan.  Mining  Director  of  Austria. 

Oeocronite.  SPbS.SbsSs.  Rarely  in  orthorhombic  crystals;  usually  massive,  granular. 
G.  =  6*4.     Color  lead-gray.     From  Sala,  Sweden,  etc. 


Beegerite.     6PbS.Bi,Ss.    Massive,  indistinctly  crystallized.    O.  =  7*27.    Color  light  to 
dark  gniy.     From  Park  Co.,  Colorado. 

Kilbrickenite.    Perhaps  CPbS.SbsSs.     Massive.    G.  =  6*41.    Color  lead-gray.    From 

Kilbrickeu,  Co.  Clare,  Ireland. 


Polybasite  Group.     9RS,.A8,S,,  ORSSb^S,.     Monoclinic,  pseudo- 

rhonibohedral. 

POLYBASITE.     SprOdgluserz,  Eugenglanz  Qtrm. 

Monoclinic.  Axes  h:i:/i=  1-7309  :  1  :  1-5796,  /?  =  90**  0'.  Prismatic 
angle  60^  2'.  In  sliort  six-sided  tabular  prisms,  with  beveled  edges;  c  faces  with 
triu]i<j;ular  striations;  in  part  repeated  twins,  tw.  pi.  m. 

Cleavage  :  c  imperfect.  Fracture  uneven.  H.  =  2-3.  6.  =  6'0-6:?. 
Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak  black. 
Nearly  opaque.    • 

Conip.-Ag^SbS,  or  9Ag,S.Sb,S,  =  Sulphur  15*0,  antimony  9*4,  silver  75*6 
=  100.    Part  of  the  silver  is  replaced  by  copper;  also  the  arsenic  by  antimony. 

Pyr..  etc. — In  the  (>iHin  tube  fuses,  prives  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenic  trioiide.  B.B.  fuses 
"with  spin! lie:  to  ii  globule,  give><  oft  sulphur  (sometimes  arsenic),  and  coats  the  coal  with 
antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white 
•coating  of  zinc  oxide,  and  a  metallic  globule,  wliich  with  salt  of  phosphorus  reacts  for 
•Copper,  and  cupelled  with  lead  gives  pure  silver.     Decomposed  by  nitric  acid. 

Obs.-^Occurs  in  the  mines  of  Guanajuato,  Mexico;  at  Trea  Puntos,  desert  of  AtAcama; 
at  Freiberg  and  Pribram.  In  Nevada,  at  the  Reese  mines  and  at  the  Comstock  Lode.  In 
Ck>lorado,  at  the  Terrible  Lode,  Clear  Creek  Co.    In  Arizona,  at  the  Stiver  King  mine. 
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Named  from  noXi}^,  manp,  and  fidai^,  ha$e,  in  alludon  to  the  basic  character  of  the 
compound. 

Pearceita.    9AgfS.AstSi.    MonocHnic,  pseudo-rhombohedral.   From  Aspen,  Colorado; 
Harysville,  Lewis  and  Clarke  Co.,  Mootaua. 


Pol3rarg3rrito.    12AgtS.SbtSs.    In  indistinct  isometric  crystals.     G.  =  6*97.     Color 
liOD-black.    Wolfach,  Baden. 


n.  Sulpharsenates,  Sulphantimonates ;  Sulpho-staimates,  etc. 

Here  are  included  a  few  minerals,  chiefly  sulpho-salts  of  quantivalunt 
arseuic  and  antimony;  also  several  sulpho-stannates  and  rare  sulpho-gernian- 
ates. 

BNARQITB. 

Orthorhombic.     Axes:  &\l:6=i  0-8711  :  1  :  0*8248. 

Crystals  usually  small;  prismatic  faces  vertically  striated.  Twins:  tw.  pi. 
X  (320)  in  star-shaped  trillings.    Also  massive,  granular,  or  columnar. 

Cleavage:  m  perfect;  a,  h  distinct;  c  indistinct.  Fracture  uneven.  Brittle. 
H.  =  3.  G.  =  4*43-4-45.  Luster  metallic.  Color  grayish  black  to  iron-black. 
Streak  grayish  black.    Opaque. 

Comp.— Cu.AsS^  or  3Cu,S.As,S,  =  Sulphur  326,  arsenic  ^19-1,  copper  48  3 
=  100.     Antimony  is  often  present,  cf.  famatinite. 

Pyr. — In  the  closed  tube  decrepitates,  aud  gives  a  sublimntc  of  sulphur;  at  a  higher 
teropemture  fuses,  and  ^ives  a  sublimute  of  sulphide  of  arsenic.  lu  the  open  tube,  heated 
gently,  the  powdered  mmeral  gives  off  sulphurous  nud  arseuical  fumes,  the  latter  coudeusiog 
to  a  sulilimate  containing  some  antimony  oxide.  B.B.  on  charcoal  fuses,  and  gives  a 
faint  editing  of  the  oxides  of  arsenic,  antimony,  and  zinc;  the  roasted  mineral  with  the 
flnzra  gives  a  globule  of  metallic  copper.     Soluble  in  aqua  regia. 

Oba.— From  Morococha,  Cordilleras  of  Peru;  in  Cbili  and  Argentina;  Mexico;  Matzen- 
kOpfl.  Brixlegg,  Tyrol;  Mancayan.  island  of  Luzon. 

lu  the  U.  S.,  at  Brewer's  gold  mine,  Chesterfield  dist.,  S.  Carolina;  !u  Colorado,  at 
mines  near  Central  City,  Qilpin  Co.;  in  Park  Co.,  at  the  Missouri  mine,  etc.  In  southern 
Utah:  also  in  the  Tintic  district:  near  Butte.  Montana. 

Claritb.     Perhaps  identical  with  enargite.     From  the  Clara  mine,  Schapbach.  Baden. 

LuzoNiTB.  Composition  of  enargite,  but  supposed  to  differ  in  crystallization.  Massive. 
G.  =  4*4*3.    Color  steel-gi-ay.     From  the  island  of  Luzon. 

Famatinite.  SCusS.SbsSft,  i-omorphous  with  enargite.  G.  =  4*57.  Color  gray  with 
tinge  of  copper-red.    From  the  Sierra  de  Famatina,  Argentina. 


*  Xanthoooiiita. — 8AgaS.As,Sft.    In  thin  tabular  rhombohedral  crystals;  also  massive, 
reniform.     G.  =  5.    Color  orange-yellow.     From  Freiberg. 

Bpibonlangetite. — 8PbS.Sb,Ss.     In  striated  prismatic  needles  and  granular.     G.  =  6  81. 
Color  dark  bluish  gray  to  black.     From  Altenberg. 

Bpigenito.— Perhaps  4Cu.S.8FeS  A^S*.      In  short   prisms  resembling  arsenopyrite. 
Color  steel-gray.    From  Wittichen,  Baden. 


STAMNITU.    Tin  Pyrites.    Bell-metal  Ore.     Zinnkies  Oerm. 

Isometric-tetrahedral.     Massive,  granular,  and  disseminated. 

Cleavage:  cnbic,  indistinct.  Fracture  uneven.  Brittle.  II.  =  4.  G.  =  4'3- 
4*522;  4*506  Zinnwdd.  Luster  metallic.  Streak  blackish.  Color  steel-gray 
to  iroB-black,  the  former  when  pure;  sometimes  a  bluish  tarnish ;  often  yellow- 
ish from  the  pretenoe  of  chalcopyrite.    Opaque. 
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Comp. — A  snlpho-stannate  of  copper,  iron  and  sometimes  zinc,  Cu,FeSnSj 
or  Cu.S.FeS.SiiS,  =  Sulphur  299,  tin  27-5,  copper  29*5,  iron  13-1  =  100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  aud  gives  a  faint  sublimate;  in  tbe  open 
tube  sulphurous  fumes.  B.B.  ou  charcoal  fuses  to  a  fflobule,  which  iu  O  F.  gives  off 
sulphur,  and  couts  the  coal  with  tiu  dioxide;  the  roasted  mineral  treated  with  borax  gives 
reactions  for  iron  aud  copper.  Decouiposed  by  nitric  acid,  affording  a  blue  solution,  with 
separation  of  sulphur  aud  tin  dioxide. 

Obs.— Formerly  found  at  Wheal  Rock,  Cornwall;  aud  at  Carn  Brea;  more  recently  in 
grauite  at  8t.  Michael's  Mount;  also  at  Steuna  Gwynn,  etc.;  at  the  Cronebane  mine,  Co. 
Wicklow,  iu  Ireland;  Ziuuwald.  iu  tbe  Erzgebirge.     From  the  Black  Hills,  8o.  Dakota. 

Arg3rrodite.  A  silver  sulpho-germanate,  AgsGcS*  or  4Ag,S.GeS,.  Isometric,  crystsls 
usually  iudistiuct;  also  massive,  compact.  H.  =  2*5.  G.  =  6'065-6'lll.  Luster  metallic 
Color  steel-gray  on  a  fresh  fractui-e,  with  a  tinge  of  red  turning  to  violet.  From  tbe 
HimmelsfQrst  mine,  Freiberg,  Saxony. 

Canfieldite.    Ag»SnSc  or  4Ag,S.8nS,,  the  tin  in  part  replaced  by  germanium.   Isometric. 

Eerliaps  tetrahedral;  in  octahedrons  with  d  (110).   Q.  =  6*28.    Luster  metallic.     Color  black. 
A  Paz.  Bolivia. 
Franckeite.      Perhaps  PbtSbsSnaSia,  Groth.      Massive.      G.  =  5*55.     Color  blackish 
gray  to  black.     Bolivia. 

Cylindrite.  Eyiindrite.  Perhaps  Pb«Sb«Su«S,i.  Groth.  H.b2*5-&  Q,s:5'4SL 
Luster  metallic.    Color  blackish  lead-gray.    Poop6,  Bolivia. 
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rr.  HALOmS.— OHIiORIDES,  BROBODES,  IODIDES; 

FLUORIDES. 

I.  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides. 
n.  Oxychlorides ;  Oxyfluorides. 
TTT_  Hydrous  Chlorides;  Hydrous  Fluorides. 

The  Fourth  Class  includes  the  haloids,  that  is,  the  compouiids  with  the 
halogen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 
fluorine. 


I.  Aiihydrous  Chlorides,  Bromides,  Iodides ;  Fluorides. 

OAIjOBSBL.    Horu  Quicksilver.    Chlorquecksilber,  Quecksilberhornerz  O  rm. 

Tetragonal.  Axis  i  =  1-7229;  001  A  101  =  59**  52'.  Crystals  sometimes 
tabular  |  c;  also  pyramidal;  often  highly  complex. 

Cleavage:  a  rather  distinct;  also  r(lU).  Fracture  conchoidal.  Sectile. 
H.  =  1-2.  6.  =  6*482  Haid.  Luster  adamantine.  Color  white,  yellowish 
gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.     Translucent — subtranslucent.     Optically  -|-. 

Comp.— Mercurous  chloride,  Hg,Cl,  =  Chlorine  15*1,  mercury  84*9  =  100. 


r..  etc.— lu  the  closed  tube  volatilizes  without  fusion,  condensing  in  the  cold  part  of 
the  lube  as  a  white  sublirante;  with  sodu  gives  a  sublimate  of  met  <llic  mercury.  B.B.  on 
cliarcoiil  volatilizes,  coating  the  coal  white.  Insoluble  in  waiter,  but  dissolved  by  aqua  regia; 
blackens  when  treated  with  alkalies. 

Oba.— Usually  associated  with  cinnabar.  Thus  at  Mosriellandsbpre  In  the  Palatinate; 
at  Idria  io  Carniola;  Almaden  in  Spain:  at  Mt.  Avala  near  Belcrade  in  Servia. 

Calomel  is  an  old  term  of  uncertain  origin  and  meaning,  perhaps  from  KaX(U,  beattttful, 
and  /i^Ai.  honeif,  the  taste  being  sweet,  nnd  the  compound  the  Mereurius  duUit  of  early 
chemistry;  or  from  kuXoS  and  u^Xai,  black, 

Nantokite.  Cuprous  chloride.  Cu,Cl  Granular,  mnssive.  Cleavage  cubic.  H.  =  2- 
8-5.  O.  =  8-W.  Luster  adamantine.  Colorless  to  white  or  grayish.  From  Nantoko, 
Chili;  New  South  Wales.  ^    ^ 

Bianhite.  Cuprous  iodide,  Cu,I,.  Isometric-tetrahedral.  Color  ollbrown.  Broken 
Hill  mines.  New  »outh  Wales. 


I  I  T 

Halite  Group.     RCl,  RBr,  RI.     Isometric. 

Halite  NaCl  Embolite  Ag(Cl,Br) 

Sylvite  KCl  Bromyrite  AeBr 

Sal  Ammoniae  (NHJCl  lodobromite  Ag(Cl,Br,I) 

Carargyrite  AgCl  Miewite  Agl 

The  Halitb  Group  includes  the  halogen  compounds  of  the  closely  related 
metals,  sodium, potassium,  and  silver,  also  ammonium  (NH,).  They  crystallize 
in  the  isometric  systeroy  the  cubic  form  being  the  most  common.  Sylvite  and 
aal-ammoniao  are  jdagihedral,  and  the  same  may  be  true  of  the  others. 


318 


DESCRIPTIVE  MINERALOGY. 


HALITE.    Common  or  Rock  Salt.    SteiDsalz,  Bergsnlz  Germ. 

Isometric.    Usually  in  cubes;  crystals  sometimes  distortedyOr  with  cavern- 
634.  ous  faces.     Also   massive,  granular  to  compact;    less 

often  columnar. 

Cleavage:  cubic,  perfect.  Fracture  conchoidal. 
Rather  brittle.  H.  =  2*5.  G.  =  2-1-2-6;  pure  crystals 
2*135.  Luster  vitreous.  Colorless  or  white,  also  yellow- 
ish, reddish,  bluish,  purplish.  Transparent  to  translu- 
cent.  Soluble;  taste  saline.  Refractive  index  1 '5*142 
Na.     Highly  diatherniauous. 

Comp.— Sodium    chloride,    NaCl  =  Chlorine    (iO  6, 
sodium   39-4  =  100.      Commonly  mixed  with    calcium 
sulphate,   calcium   chloride,  magnesium  chloride,  and 
sometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce. 

Pyr.,  etc.— Ill  the  closed  tube  fuses,  often  with  decrepit utiou;  wheu  fiistil  on  ilic 
platinum  wire  colors  the  tltunc  (iee))  yellow.  Added  to  a  salt  of  phosphorus  bead  which 
has  l>een  satunitcd  with  oxide  of  copper,  it  colors  the  llaiue  a  deep  nzure-blue.  Dissolvis 
readily  in  three  \mviH  of  water. 

Diff.  — Distinguished  by  its  solubility  (tnste),  softness,  perfect  cubic  clenvuge. 

Obs. — Common  salt  occurs  iu  extensive  but  irregular  beds  in  rocks  of  various  oges. 
associated  with  gypsum,  ])o1ylialiie,  anhydrite,  carnallite,  clay,  sandstone,  and  calcite:  also 
iu  solution  forming  s:i1t  springs;  similarly  in  the  water  of  the  ocean  and  stdt  seas. 

The  principal  suit  mines  of  Europe  are  at  Stassfurt,  near  Magdeburg;  Wieliczka.  iu 
Poland;  at  II:ill,  in  Tyrol;  and  along  the  range  through  UeichcDthnliu  Bavarin,  Uallein 
in  Salzburg,  Hallstadt,  Isclil,  and  Ebensee.  in  Ut>per  Austria,  and  Ausffcc  iu  Styria;  in 
Ilungary.  at  Marmoros  and  elsewhere;  Transylvania;  Wallachia,  Qalicia,  and  Upper 
Silesia;  Vic  and  Dieuze  in  France;  Valley  of  Cardona  and  elsewhere  in  Spain;  Bex  in 
Switzerland;  and  North wich  in  Cheshire,  p!lndand.  At  the  Austrian  mines,  where  it  con- 
tains much  clay,  the  salt  is  dissolved  in  large  chambers,  and  the  clay  thus  precipitateii. 
After  a  time  the  water,  saturated  with  the  salt,  is  conveyed  by  nquiducts  to  evaporating 
bouses,  an<l  the  chambers,  after  being  cleared  out,  are  again  filled. 

Salt  also  occurs,  forming  hills  and  covering  extenifwl  plains,  near  Lake  Urutnia,  the 
Caspian  Sea,  etc.  In  Alireria:  in  Aby.<vs{nia.  In  India  in  enormous  deposits  in  the  Salt 
Ranire  of  the  Punjab.  In  China  and  Asi;itic  Russia;  in  South  America,  in  Peru,  and  at 
Zipaquera  and  Nemocon,  the  former  a  larire  njine  lorg  explored  in  the  Cordilleras  of  U.  S. 
of  Cnlombia;  cle:ir  salt  is  obtained  from  the  Cern>  de  Sal,  San  Domingo. 

In  the  United  States.  Siilt  has  been  found  in  large  amount  in  central  and  western  New 
York.  Salt  wells  had  long  been  workel  in  this  region,  but  rock  salt  is  now  known  to  exist 
over  a  large  area  from  Itli:ica  t\\  the  he:id  of  Cayuiia  Lake.  Tompkins  Co..  and  Cnnanduigua 
Lake.  Ontario  C<».,  through  Livingston  Co.,  also  Genesee.  Wyonnng,  and  Erie  Cos.  The 
salt  is  found  in  beds  with  an  average  thickness  of  75  feet,  but  s^^mctimes  much  thicker,  aid 
nt  varying  depths  from  1000  to  0000  feet  antl  more;  the  de|>th  increa.««cs  southward  with  the 
dip  of  tijc  sinita.  The  roeks  IxOonsr  to  the  Salina  period  of  the  Upper  Silurian.  Salt  has 
also  bci-n  found  near  ('levelatnl.  Ohio,  .issociated  with  iiypsum;  in  Washington  Co..  West 
Virginia,  in  tin-  irolst.<>n  and  Kanawha  valleys:  in  Kansas:  at  Petite  Anse.  Loiiisi:ma; 
alonj:  the  liio  Virgin  in  Lincoln  Co..  Nevada,  in  extensive  beds  of  great  puritv;  in  Utah, 
nearNephi,  .Tuab  Co.,  and  SalinJi,  Sevier  Co.;  in  Arizon:i,  on  the  Uio  Verde,  w^lh  thenurd- 
ite   <-te. ;  in  (':ilifornia.  San  Diego  Co. 

Hrin<*  springs  two  ver)'  numerous  in  the  Mi'ldle  and  Western  States.  Vast  lakes  of  usiU 
wattT  exist  in  many  parts  of  the  world.  The  Great  Salt  I^nke  in  Utah  is  2.000 square  miles 
in  area;  li.  Gale  found  in  this  water  20190  per  cent,  of  sodium  chloride.  The  Dead  and 
C'aspian  seas  are  salt,  and  the  watei-s  of  the  former  contain  20  to  26  parts  of  solid  matter  in 
100  parts.     Sf>dium  chloride  is  the  pronnnent  salt  present  in  the  ocean. 

Huant^Jayite.  20NaCl  4-  AgCI.  In  cubic  crystals  and  as  an  incnistatioD.  H.  =  2. 
not  seclile.     Color  white.     From  Iluantajaya,  Tarapaca,  Chili. 

SYLVITB. 

Lsonietric-plagihcdral.     Also  in  granular  crysfalHno  masses ;  compact. 
Cleavage  :  cubic,  perfect.    Fracture  uneven.    Brittle,    H.  =  2.  G.  =  1*97- 
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1*99.   Luster  yitreous.  Colorless,  white,  bluish  or  yellowish  red  from  iuclusions. 
Soluble  ;  taste  resembling  that  of  commou  salt,  but  bitter. 

Comp. — Potassium  chloride,  KCl  =  Chlorine  47*6,  potassium  52*4  =  100. 
Sometimes  contains  sodium  chloride. 

Pyr..  etc. — B.B.  in  the  platiDum  loop  fuses,  and  gives  a  violet  color  to  the  outer 
flame.  Dissolves  completely  iu  water.  Heated  with  sulphuric  acid  gives  off  hydrochloric 
acid  gas. 

Om.— Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stnssfurt;  at 
Leopoldshall  {UopMitt);  at  Kalusz  in  Gulicia. 

Sal  Ammoniac.  Ammonium  chloride,  NH4CI.  Observed  as  a  white  incrustation 
about  volcanoes,  as  at  Ettia,  Vesuvius,  etc. 


Silberhoruerz,  Hornsilber  Oerm.    Horn  Silver. 

Isometric.     Habit  cubic.     Twins:  tw.  pi.  0.     Usually  massive  and  resem- 
bling wax;  sometimes  columnar;  often  iu  crusts. 

Cleavage  none.    Fracture  somewhat  conchoidal.     Highly  sectile.     H.  = 
1-1 '5.      G.  =  5*552.      Luster    resinous    to    adamantine.      Color  pearl-gray, 
ayish  green,  whitish  to  colorless,  rarely  violet-blue ;   on  exposure  to  the 
igbt  turns  violet-brown.     Transparent  to  translucent.     Index,  ;/.  =  20611 
Na. 

Comp. — Silver  chloride  =  Chlorine  24*7,  silver  75*3  =  100.    Some  varieties 
contain  mercury. 


p. 


r.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturated 
with  oxide  of  cop|)er  and  heated  in  O.F.,  imparts  an  intense  azure  blue  to  the  flnme. 
Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Oba.— Occurs  in  veins  of  clay  slate,  accdmrHnviug  other  ores  of  silver,  and  usually 
only  in  the  higher  parts  of  these  veins.  It  hns  also  been  observed  with  oclierous  varieties 
of  brown  iron  ore;  also  with  several  copper  ores,  calcite,  baritc,  etc.;  upon  slibicouite. 

The  largest  masses  are  brought  from  Peru,  Cliili.  and  Mexico,  where  it  occurs  with 
native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg:  Andreasberg 
(earthy  var..  Buiiermilehert);  occurs  in  the  Altai;  at  Eong8l>erg  in  Norway:  in  Alsace. 

In  the  U.  8..  in  Colorado,  near  Leadville,  Lake  Co  ;  near  Breckenridge  Summit  Co., 
and  elsewhere.  In  Nevada  near  Austin,  Lander  Co.;  at  mines  of  Comstock  lode.  In 
Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in  Beaver, 
8ummit  and  Salt  Lake  counties.       ^ 

Named  from  Kdpa^,  horn,  and  apyvpo?.  nlver. 

Bmbolita.  Silver  chlorobromide.  Ag(Br.Cl^.  the  ratio  of  chlorine  to  bromine  varying 
widelv.  Usually  massive.  Resembles  cerargyrite,  but  color  grayish  green  to  yellowish 
green'and  yellow.    Abundant  in  Chili,  less  so  elsewhere. 

Bromyrite.  Silver  bromide,  AirBr.  6.  =  5  8-6.  Color  bright  yellow  to  amber-yellow; 
slightly  greenish.     From  Mexico;  Chili;  Huelgoet  in  Brittany. 

lodobromita.  2A.fi:C1.2AgBr.AgI.  Isometric;  0  with  a.  Q.  =  5'713.  Color  sulphur- 
yellow,  g^-eenish.    From  near  Dernbach,  Nassau. 

BIi«nita.  Silver  iodide,  Agl,  crystallizing  in  the  isometric  system  ;  probably  tetrahedral 
like  marahite  (p.  817).  In  bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines,  New 
South  Wales. 

Onproiodargyiito.  A  copper-silver  iodide,  occurring  as  a  sulphur-yellow  incrustation 
at  Huantajaya,  jPeru. 

lodyrtto.  Silver  iodide,  Agl.  Hexagonalhemimorphic  (Fig.  211,  p.  71);  usually  in 
tbin  plates ;  pale  yellow  or  green.  Q.  =  5-ft-5-7.  From  Mexico,  Chili,  etc.  Lake  Valley. 
Sierra  Cki.,  Iiew  Kezlco. 


DX8CBIPTITE  XIKBRALOGT. 


Fluorlte  Group.     UF„BC1^ 

Tho  apeciea  here  included  are  Fluorite,  CaP„  and  tbe  rare  Hydrophilite, 
CaCl,.     Both  lire  JBometric,  habit  cubic. 


FLnORITB 

£36. 


n  Sfab.    Fluanpalh  Oerm. 
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Isometric.  Habit  cubic;  less  frequently  octahedral  or  dodecabedral ; 
form3/(3IO),  e(2IO)  (fluoroids)  common;  also  the  ricinal  form  0(3210?), 
producing  striutions  on  a  (Fig.  G40);  heioctahedron  /  (421)  also  common 
with  the  cube  (Fi^.  639).  Cubic  crystals  sometimes  grouped  in  parallel 
position,  thus  forming  a  pseudo-octahedron.  Twins :  tw.  pi.  o,  commonly 
peuetration-twins  (Fig.  640).  Also  maeaive;  granular,  coarse  or  fine;  rarely 
columnar;  compact. 

Cleiiva^e:  o  perfect.  Fracture  flnt-conchoidal;  of  compact  kinds  splint«ry. 
Brittle.  H.  =  4.  G.  =  301-3-25;  3-18  cryst.  Luster  vitreous.  Color  white, 
yellow,  green,  rose-  and  crimBon-red,  violet-blue,  sky-blue,  and  brown;  wine- 
yellow,  greeiiieli  blue,  violet-blue,  most  common  ;  red,  rare.  Streak  white. 
Transparent— Biibtraiislucent.  Sometimes  shows  a  bluish  fluorescence.  Phos- 
phoresces when  heated  (p.  191),     Refractive  index;  n,  =  1*4339  Na. 

Comp.— Calcium  fluoride,  CaF,  =  Fluorine  48'9,  calcium  51'1  =  100, 
-Chlorine  is  sometimes  present  in  minute  quantitiea. 

Tar. — 1.  Ordinarg;  (n)  den  vn  1)1  e  or  crystal  If  zed,  veiv  vnrious  to  colon:  (A)  flbroui  to 
«o1uititisr,  astbe  Dtrbyaliire  blue  jdIid  used  far  vaBeii  nucl  oilier  orDamenU;  (ejconrse  lo  fine 
granulur;  {d)  mrtliy,  dull,  sud  sometimes  very  eofl.  Chlorephane  ylclilt  a  green  pbo*- 
pboresceiil  liglil, 

Pyr.,  ete, — In  llie  closeit  lube  decrepitstea  nnd  phogphorescei,  B.B.  Id  tbe  forceps  nod 
on  clmrcual  fuses,  ctilorine  tlic  flume  red,  lo  an  enamel  which  reacts  nlkallue  on  test  paper. 
Fuseil  lu  ati  open  lube  witb  UiavA  suit  of  pboapborus  f^ves  Ibe  renctioD  for  fluorine. 
Trea'ed  "'itb  siilpliuric  aci'l  elves  fumes  oF  bydrofliiorlc  acid  whicb  etcb  kI"M. 

Diiff.— OisliDguisbed  by  lis  cryetnlline  rorm,  oclaliedral  cleavage,  relalive  sortneia  (u 
«ornpared  witb  certniu  precious  slnoea,  also  wilh  tlie  feldspars);  elcbingpowerwbrai  treated 
Willi  sillpliiiric  acid.     Does  not  effervesce  witb  add  like  ciilcite. 

Obi.— Sometimes  in  beds,  but  geoerally  in  veins,  in  gneiss,  mica  slate,  claysTnte,  and 
alto  in  lime9roi>es.  both  cryslalline  and  iiucrjalnlliije,  and  sandslones.     Often  occurs  u  the 

SDgiie  .)f  melnlHc  ores.  espetMaliy  of  lead.  In  tbe  Norlh  of  England,  it  Is  the  jcangue  of 
;  lead  veins,  which  Intertect  the  coal  formailnn  lu  North umberl and,  Cumberland. 
Durham,  and  Yorkshire.  In  Derbyshire  it  is  ahundaiil,  anil  also  in  Cornwall.  whei«  ibe 
veins  intersect  melAmorphlc  rocks.  The  Cumberland  and  Derbyshire  loealltiet  etpeciallj 
faaveaSDrded  magntflcent  specimens.    Commoa  In  tbe  mining  dUirict  of  Baxony;  flue dmt 
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KoDgsberg  in  Norway.    In  the  dolomites  of  St.  Gothard  occurs  iu  piuk  ocuibedrons. 
Rareiy  in  volcAuic  regions,  iis  in  the  Yesuviun  lava. 

Some  localities  in  the  U.  S.  are,  Trumbull.  Coun.  (c?ilorop?iane)\  Muscolouge  Luke, 
JefferM>u  Co.,  N.  Y..  and  Macoiitb.  St.  Lawrence  Co..  both  iu  very  large  sea-green  cubes; 
Frauklin  Furuuce.  N.  J.;  Amelia  Court  House,  Va.;  Galhithi  Co..  111.;  St.  Louis.  Mo. 

Hydrophilita.  Chlorocalcite.  Calcium  chloride,  CaCls.  Iu  white  cubic  crystals  or 
as  au  incrustation  at  Vesuvius. 


The  following  are  from  Vesuvius:  Ohloromagnesite,  MgCla ;  Scacchite,  MnClt : 
ChloraUimiiiiite,  Aids  -f  irH,0;  Molysite,  Fed.. 

Sellaita.     Magnesium  fluoride,  MgFt.       Iu   prismatic  tetragonal  crystals.     H.  =  6. 
O.  =  2*97-8*15.    Colorless.    From  the  moraine  of  the  Gebroulnz  glacier  in  Savoy. 
Xjawrenoite.    Ferrous  chloride,  FeClt.     Occurs  iu  meteoric  iron. 

Ootunnite.  Lead  chloride,  PbCU.  Iu  acicular  crystals  (orthorhombic)  and  iu  semi- 
crystH.line  masses.  Soft.  G'=5*24.  Color  white,  yellowish.  From  Vesuvius;  also 
Turupaca,  Chili. 

Tysonita.  Fluoride  of  the  cerium  metals,  (Ce,La,Di)Ff .  In  thick  hexagonal  prisms,  aud 
massive.  Cleavage  :<;  perfect.  H.  =4*5-5.  G.  =  6  13.  Color  pale  wax  yellow,  changing 
to  yellowish  and  reddish  brown.    From  the  granite  of  Pike's  Peak,  El  Paso  Co.,  Colorado. 

ORTOIjITB.    Eisstein  Oerm. 
Monoclinia    Axes  A  :  i  :  (5  =  0-9663  :  1  : 1-3882  ;  /?  =  89°  49'. 
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Crystals  often  cubic  in  aspect  and  grouped  in  parallel 
position;  often  with  twin  lamellae.    Alassive,  cleavable. 

Cleavage:  c  most  perfect,  also  m,  >b  (lOl)  somewhat 
less  so.     Fracture  uneven.     Brittle.     H.  =  2*5.     Q.  =  \         k  J 

2"95--3'0.     Luster  vitreous  to  greasy;   somewhat  pearly  \_/ifc  \         ^^ 
on  c.      Colorless  to  snow-white,  sometimes  reddish   or 
brownish  to  brick-red  or  even  black.     Transparent  to  translucent. 

Coflip.— A  fluoride  of  sodium  and  aluminium,  Na.AlF,  or  3NaF.AlF,  = 
Fluorine  54*4,  aluminium  12*8,  sodium  32*8  =  100.  A  little  iron  sesquioxide 
is  sometimes  present  as  impurity. 

Pyr.,  etc. — Fusible  in  small  fnigments  iu  the  flame  of  a  candle.  B.B.  in  the  open  tube 
heated  so  that  the  flume  enters  the  tube  gives  off  hydrofluoric  acid,  etching  the  glass.  In 
the  forceps  fuses  very  easily,  coloring  the  flame  yellow.  On  charcoal  fuses  easily  to  a  clear 
bead,  which  on  cooling  becomes  opaque;  after  lon^  blowing,  the  assay  spreads  out,  the 
fluoride  of  sodium  is  airbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a 
crust  of  alnmina  remains,  which,  when  heated  with  cobalt  solution  iu  O.F.,  gives  a  blue 
color.     Soluble  in  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Silt — Distinguished  by  its  extreme  fusibility,  and  its  yieldine  hydrofluoric  acid  in  the 
open  tube.    Also  by  its  cleavages  (resembling  cubic  cleavage)  and  softness. 

Oba.— Occurs  in  a  bay  in  Arksukflord,  in  West  Greenland,  at  Ivi^^tut  (or  £vigtok). 
sbont  12  m.  from  tbe  Danish  settlement  of  Arksuk.  where  it  constitutes  a  large  l^d  io 
t  g^niiic  vein  in  a  gray  gneiss.  Cryolite  and  its  alteration  products,  pnchuolite.  tbnm- 
Bpnolit'*,  pmeopite,  etc.,  also  occur  in  limited  ounntity  at  the  southern  base  of  Pike's 
l*tmk,  £1  Pmso  county,  Colorado,  north  and  west  of  Saint  Peter's  Dome. 

Named  fmm  KptSoi,  froit,  At'Bo?,  stone,  hence  meaning  tee-stone,  in  allusion  to  the 
transliicency  of  tbe  white  cleavage  masses. 

OhioUte.  5KaF.8AlFs.  In  small  pyramidal  crystals  (tetragonal);  also  massive  granu- 
l*v.  H.  =  8-5-4.  G.  =2*84-2  90.  Color  snow-white.  From  near  Miask  in  the  Ilmen 
M ts. ;  alao  with  the  Greenland  cryolite. 

Hi«nttte.  A  fluoride  of  potassium  and  silicon.  In  grayish  stalactitic  concretions; 
hometric*    Fnm  the  famaroles  of  the  crater  of  Yulcano. 
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n.    Oxyohlorldei,  Oxyfloorldea. 

ATAOAMITZI. 

Ortliorhombic.     Axes  d:h:i  =  06613  : 1 :  0-7515. 
"^  wm".  110  A  110  =  86-67.  rr"',  Ul  A  ill  =  SB*  48*. 

^.^i^^V^t  «',  Oil  A  Oil  =  73*  51'.  mr,  110  A  HI  =  88*  l«i'. 

Commonly  in  slender  prismatic  crystals,  Terdcallj  striated.  In 
ROiifused  crystalline  uggregates;  also  massive,  fibroas  or  graDular  to 
compact;  as  sund. 

Cleavage:  6  higlilj  perfect.  Fracture  conchoidul.  Brittle.  IL 
=  3-3  5.  G,  =  3-73-3-77.  Luster  adamautiDe  to  vitreous.  Color 
bright  green  of  variooE  shades,  dark  emerald -green  to  blackish  green. 
Lj__Lj  Streak  apple-green.  Tninsparent  to  trauslncent. 
^^^X^^  Comp.— Cu,CllI,0,  or  CuCl,.3Cu(0H},  =  Chlorine  16-6,  copper 
14  it,  ciipric  oxide  oaS,  water  12-7  =  100. 

Pjrr. ,  0t«.^-lu  lliu  closfil  lube  Kives  oS  much  water,  and  riinns  a  gray  lublimnte.  B.B. 
ou  cliarcoal  fuses,  coloring  [licO.F.  nzure-bliie.  witb  a  green  edge,  and  giviDgtwo  coattuea, 
ODU  brownUU  and  the  ollii;r  gniyisli  wbhc:  coiitiuued  blowiuK  yields  a  globule  ot  metallic 
■iopper:  llie  cooliiiga,  touched  with  the  R.F.,  volatilize,  coloring  the  flame  azure-blue.  In 
«ci<l8  easily  soluble. 

Obi  — Origin  nil  J  from  Atacama  In  the  uortliern  pari  ot  Chili;  also  found  elsewhere  (□ 
Chill  mid  Bolivia:  with  mnluchilo  iit  Wallaroo  in  S.  Auairulia;  at  8i.  Just  in  Corawall.  In 
the  V.  S;  wilh  cuprile,  etc.,  nt  the  United  Verde  mine,  Jerumc,  Arizona. 

Percylito.  A  lend-copperoxvchlonde.  perhnpa  PbCuO,H,Cl,.  In  skj-blue  cubes.  From 
SoDora,  Mfxico;  Atncama;  Buiivia,  etc  BoUiU  from  Bulvo,  near  Santa  Roenlla,  Lower 
Ciklirorula,  UnpercylitoconUilDlnga  little  silver.  (Tumen^'fc  Is  the  same  in  C178tnls  appear- 
ing to  be  Ictragoual. 

MatlocUta.  Lead  oxychloride,  Pb.OCI,.  In  tabular  tetngoual  cryBUls.  G.  =  7-2I. 
Liitjler  adamtLnliae  to  pcnrly.  Color  jellowisli  or  slightly  greenfsh.  From  Cromford,  near 
Hiitlo<^k,  Derbysliire. 

Hendipite.  Pli  O  CI,  or  PliCli.SPbO.  Id  flbroiis  or  columnar  roassea:  often  radlaled. 
H  =  aii-S.  O.  =  7-7-1.  Color  wliilc.  From  the  Uendlp  Hilla,  BomerBclshire,  Eogland; 
near  Brilon.  Weslplialin. 

Laurionits.  PhClOU  or  PbCl,  Pb{OH),.  In  mlnule  prismnlic  colorless  cryptals  (ortho- 
rhombic),  in  ancient  lead  slags  nt  Luirion.  Greece.  Fiedlerite,  associated  wilh  laurlonlte, 
is  probably  iilsi)  a  lead  oiychloridc;  in  colorless  monocllnic  crystals. 

Ponfieldlte.     Pli,OCl,  or  PbO.SPliCI,.    In  white  hewgonal  crystals.   Laurion,  Greece. 
Daviesite,    A  lead  osycliloriiie  of  uncerlnin  com|)osItloQ.    In  minute  colorless  prismatic 
crysliiis  (orll  10 rhombic)    from  Ihe  Mlna  Beatriz.  Sierra  Oorda,  Alncama. 
In  druses  of  small 
tacama. 
=  4.     G.  =  6-7-5-9      Color  reddish 


Daabreeit*.     An  earthy  yellowlsb  oiycbloride  of  bismuth.    From  Bolivia. 
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IIL  Hydrous  Ohlorides,  Hydrous  Fluorides,  etc. 

OARNAIXITB. 

Orthorhombic.     Crystals  rare.     Commonly  massive,  granular. 

No  distinct  cleavage.  Fracture  conchoidal.  Brittle.  H.  =  1.  G.  =  1-60. 
Luster  shining,  greasy.  Color  milk-white,  often  reddish.  Transparent  to 
translucent.     Strongly  phosphorescent.     Taste  bitter.     Deliquescent. 

Comp.— KMgCl,.6H,0  or  KCl.MgCl,  +  6H,0  =  Chlorine  383,  potassium 
14  1,  magnesium  8'7,  water  39*0  =  100. 

Obs.— Occurs  ut  Slassfurt,  in  beds,  alternating  with  thinner  beds  of  common  salt  and 
kiestrite. 

0OUOLA8ITB,  associated  with  carnallite,  is  said  to  be  3ECl.FeCl,.2H,0. 

Bisohofita.    MgCi,  +  6H,0.    Crystalline-granular;  c  'lorless  to  white.    From  Leopolds- 
hall,  Prussiii. 

Krananito.     ECl.KH«CI.FeCl,  +  H,0.    In  red  octahedrons.    From  Vesuvius. 

Brythroaiderita.    2ECI.FeCls.H,0.     In  red  tabular  crystals.     Vesuvius. 

Tachhydxita.      CiiCla.2MgCl,  +  13H,0.      In  wax-  to   honey-yellow  masses.      From 
Suasfurt. 


Floellita.  AlFa  +  H«0.  In  colorless  or  white  rhombic  pyramids.  From  Stenna  Gwyn. 
Cornwall. 

Proaopita.  CaF,.3Al(F,0H)s.  In  monoclinic  crystals,  or  granular  massive.  H.  =  4*5. 
Q.  =  2-88.  Colorless  white,  gniyish.  From  AUenberg,  Saxony;  St.  Peter's  Dome  near 
Pike's  Peak,  Colorado. 

Paohnolita  and  Thomsanolita.  occurring  with  cry()lite  in  Greenland  and  Colorado,  have 
the  same  composition,  NaF.CaF,.AlF3 -I- H,0.  Both  dccur  in  monoclinic  prismatic 
cryalals;  prismatic  angle  for  pach noli le,  98"  86',  crystals  twins,  orthorhombic  in  aspect.  For 
ihomsenolite,  89*  46',  crystals  often  resembling  cubes  (m,  c),  also  prismatic;  distinguished 
by  its  basal  cleavage;  also  massive. 

Oavkaiitita.     CaF,.Al(F,0H)3.H,0.    Earthy,  clayllke.     Occurs  with  cryolite. 

Ralatonito.  (NayMg)F,  8Al(F,OH)s.2H,0.  In  colorless  to  white,  isometric,  octa- 
hedrons.    H.  =  4*5.     G.  =  2'56-3'62.     With  the  Greenland  cryolite. 

Tallingita.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Pootaita.  A  hydrous  oxychloride  of  copper  occurring  in  deep  blue  prismatic  crystals 
(nioooclioic)  at  the  Copper  Queen  mine.  Bisbec,  Arizona. 

TItrooarita.  (Y,Er,Ce^Fs.5CaF,.H,0.  Mtissive-cleavable  to  granular  and  earthy. 
H.  =  4-5.  G.  =  8*4.  Color  violet-blue,  gray,  reddish  brown.  From  near  Falun, 
Sweden,  etc 
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V.  OXIDES. 

L  Oxides  of  Silicon, 
n.  Oxides  of  the  Semi-Metals :  Telloriumi  ArseniCi  Antimony, 
Bismuth ;  also  Molybdenum,  Tungsten, 
ni.  Oxides  of  the  Metals. 

The  Fifth  Class^  that  of  the  Oxides,  is  subdivided  into  three  sections, 
according  to  the  positive  element  present.  The  oxides  of  the  non-metal 
silicon  are  placed  by  themselves,  but  it  will  be  noted  that  the  compounds  of 
the  related  element  titanium  are  included  with  those  of  the  metals  proper. 
This  last  is  made  necessary  by  the  fact  that  in  one  of  its  forms  TiO,  is 
isomorphous  with  MnO,  and  PbO,. 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  as  salts, 
e.g,y  the  species  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
included  m  this  class. 


I.  Oxides  of  Silicon. 

QUARTZ. 

Rhombohedral-trapezohedral.     Axis:  i  =-•  109997. 


r;-'.  lOll  A  1101  =  85"  46'. 

46"  16'. 
38"  13'. 


r«,  1011  A  0111 
wir,  1010  A  101 1 


«w.  1010  A  Olil 
m#,  lOiO  A  11§1 
mx,  1010  A  5l6l 


66*  Sy. 
87"  58'. 
12"    V. 
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Crystals  commonly    prismatic,   with   the  m    faces   horizontally  striated; 

terminated  either  by  both  rhom boned rons,  or 
by  one  only;  the  predominating  rhombo- 
hedron  is  in  almost  all  cases  r  (lOll).  Often 
in  double  six-sided  pyramids  or  quartzoids 
through  the  equal  development  of  r  and  «; 
when  r  is  relatively  large  the  form  then  has 
a  cubic  aspect  {rr  =  85°  46').  Crystals  fre- 
quently distorted,  when  the  correct  orienta- 
tion may  be  obscure  except  as  shown  by  the 
striations  on  vi.  Crystals  often  elongated  to 
acicnlar  forms,  and  tapering  through  the 
oscillatory  combination  of  successive  rhombo- 
hedrons  with  the  prism.  Occasionally  twisted 
or  bent.     Frequently  in  radiated  masses  with  a  surface  of  pyramids,  or  in  druses. 

Simple  crystals  nre  either  li^lit-  or  left-hnnded.     On  a  right  handed  crystal  (Fir.  648), 
$,  if  preseut,  lies  to  the  right  of  the  m  face,  which  is  below  the  predomlnatiDg  plus  iSombo- 
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iiedroD  r,  and  witli  tbis  beloDg  the  plus  right  irapezoliedroos,  u  x,  and  minus  lefl  trepe- 
zoliedrona  (uf .  Fig.  370,  p.  83),  alsomleft).  On  n  ipfhanded  cryiUa]  <Flg.  6491,  «  lieslolho 
Inft  iifiliem  below  r.Hudnilh  it  llie  plus  left  nnd  mious rigbl  trapezuhedroQB,  ulsoa(ilglil). 
Tlie  right-  itud  Itift-liandeil  furuiB  occur  logelber  oidj  in  IwIiib.     In  ibe  absence  or  Irape- 


Bobedrnl  races  Ibe  strt&Iions  oii  1 1|  edge  r/m),  it  diaLluct.  serve  to  dtsltDKulsb  ihe  faces 
r  and  i,  iind  beiice  sliuw  ibe  Hglit-  uud  luft-bHoded  cbaracier  of  the  cryEtals.  TNe  right- 
ttiid  left-buiided  character  U  also  revealed  by  etching  (Art.  S65)  and  by  pyro-eleclricfty 
(Art.  4S0|. 

Twins:  (1)  tw,  axia  ^,  axes  parallel.  (2)  Tw.  pi.  a,  sometimes  called  the 
Brazil  law,  usually  as  irregular  penetration-twins  {Fig.  650).  (3)  Tw.  pi. 
S  (1133),  contact-twins,  the  axes  croasing  at  an  angle  of  84"  33'.  See  further 
p.  127  and  Figs.  393-394.     Massive   forms  common   and   in  great  variety, 

passing  from  the  coarse  or  fine  granular  and  

cryBtaOine  kinds  to  those  which  are  flint-Hke 
or  crjptocrystalline.  Sometimes  mammillary, 
Btalactitic,  and  in  concretionary  forms;  as 
sand. 

Cleavage  not  distinctly  observed;  some- 
times fracture  surfaces  (U  r,  i  and  vi)  devel- 
oped by  sudden  cooling  after  being  heated 
(see  Art.  258).  Fracture  conchoidal  to  sub- 
conchnidal  in  crystallized  forms,  uneven  to 
BpHntery  in  some  massive  kinds.  Brittle  to 
tough,  ll.  =  T.  G.  =  2-653-2G60  in  crystals; 
cry  ptocry stall ine  forms  somewhat  lower  (to 
2'60)  if  pure,  but  impure  massive  forms  (e.g., 
jasper)  higher.  Luster  vitreous,  sometimes  Basalsectioutn  polarized  light.ahow- 
greasy;  Hplendent  to  nearly  dull.  Colorless  '"K  mierpenetTBilon  of  Hght-and 
when  pure  ;  often  various  shades  of  yellow,  ^^J^'"^""*'^  P*"""""'  ^"^  *'''''■ 
red,    brown,    green,    blue,    black.      Streak 

white,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  bnt  much 
paler.     Transparent  to  opaque. 

Optically  +■  Double  refraction  weak.  Polarization  circular  ;  right- 
handed  or  left-handed,  the  optical  character  corresponding  to  right-  and  left- 
handod  character  of  crystals,  as  defined  above;  in  twins  (law  2),  both  right  and 
left  forma  sometimes  united,  sections  then  often  showing  Airy's  spirals  in  the 
polariscope  (cf.  Art.  366.  p.  202,  and  Fig.  650).  Rotatory  power  proportional 
to  thickness  of  plate.  Kefractive  indices  for  the  D  line,  (*>  =  l'o44I8,  £  = 
1S5328;  also  rotatory  power  for  section  of  1"""  thickness,  ct  =  21-71  (D  line). 
Pyroolectric  ;  also  electric  by  presBure  or  piezo -electric.  See  Arta.  420,  421. 
On  etching- fig  11  res,  see  Arts.  260,  266. 

Coup.— Silica,  or  silicon  dioxide,  SiO,  =  Oxygen  53-3,  silicon  46-7  =  100. 

In  iniiMlTe  varleticH  often  mixed  with  n  liitle  opal  silica.  Impure  vsrielles  coDtain  iron 
oildc,  mlL-inm  carbonate,  clny.  Nind.  aud  various  minerals  ns  incluMons 

Var.— 1.  PBKnocRTBTALLiHE;  CryBlalllzed,  vitreous  Id  luster.  2.  CRVPTOCRT8TAi,i.mB: 
Flint-like,  mnsslve. 

The  Brft  division  Includes  iill  nrdlnnry  vitreous  quarts,  whelher  having  crynlallitie  fnoes 
or  not.  The  varielies  under  tlie  second  are  in  peneml  ncli-d  upon  gomewhsl  more  by 
allrttton,  an  I  by  chemical  apenls,  ns  hydrofluoric  ncid,  tlisn  Ibosc'  of  the  flrat.  In  ull  kln«& 
made  up  of  layen,  as  agnte,  successive  layers  nre  unequally  eroded. 

A-    Phrnocrtbtallinb  ok  Vitrkoub  Varieties, 
Ordiaortl  Orj/tMUmd;  Rotk  CVy«(n2.—CnIorlrsa  quartz,  or  nenrly  so,  wbelher  In  distinct 
CtTMnla  or  iKfC     Here  belonK  tiie  Brislol  diamonds.   Lake  George  diamonds.  Brnztliao 
peDl)iM,.«ta:.  Some  nrlatloas  rrom  the  common  type  are:  (a)  cavernous  cij-siaU;  (A)  cap- 
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quartz  made  up  of  sepanible  layers  or  caps;  (e)  drusy  quartz,  a  crust  of  small  or  minute 
quartz  crystals;  ((f)  radiated  quartz,  ofteu  separable  luto  i^diated  parts  haying  pyramidal 
lerminatious;  ie)  fibrous,  rarely  delicately  so  as  a  kiud  from  Griqualand  West,  South 
Africa,  altered  from  crocidolite  (see  CiWi-eye  below,  also  crocidolite  p.  4()4). 

Asteriated;  Star-quarU. — CoDtaining  withiu  the  crystal  whitish  or  colored  nidiatious 
along  the  diametral  planes.    OccusiouaTly  exhibits  distinct  asterism. 

Amethystine;  Amethytt. — Clear  purple,  or  bluish  violet.   Color  perhaps  due  to  manganese. 

Ho»e. — Rose-red  or  pinlc,  but  becoming  |)aler  on  exposure.  Common  massive.  Lustet 
sometimes  a  little  greasy.    Color  perhaps  due  to  titanium. 

Yellow;  False  Topaz  or  (7itrt7i«.— Yellow  and  pellucid;  resembling  yellow  topaz. 

Smoky;  Cairngoria  Sio/ie. — Smoky-yellow  to  dark  smoky  brown,  and  often  trans- 
parent; varying  to  brownish  black.  Color  is  probably  due  to  some  organic  compound 
(Forster).  Called  eairngorvis  from  the  locality  at  Cairngorm,  S.  W.  of  Banff,  in  Scotland. 
The  name  morion  is  given  to  nearly  black  varieties. 

Milky. — Milk-white  and  nearly  opaque.     Luster  often  greasy. 

Sidente,  or  SappJiire-quarUi. — Of  indigo  or  Berlin-blue  color;  a  rare  variety. 

«Sa^/'7iti^ie.— Inclosing  acicular  crystals  of  rutile.  Other  included  minerals  in  acicular 
forms  arc:  black  tourmaline;  g5lhite:  stibnite;  asbestus;  actinolite;  hornblende;  epidote. 
Cat's- Eye  (Katzenauge  Oerm.SEtW  dc  Chat  Fr.)  exhibits  opalescence,  but  without  prismatic 
colors,  especially  when  cut  en  caboc/wn,  an  effect  sometimes  due  to  fibers  of  asbestus. 
Also  present  in  the  siliceous  pseudomorpbs,  afier  crocidolite,  called  tt^^fv^e  (see  crocidolite). 
The  highly-prized  Oriental  cat's-eye  is  a  variety  of  chrysoberyl. 

Aventurine. — Spangled  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  frojn  Vie  presence  of  distinct  minerals  distributed  densely  through  the  mass. 
The  more  common  kinds  are  those  in  which  the  impurities  are:  (a)/ifrrti^*n<7ii«(Eisenkiesel 
Oerm.),  either  red  or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  {b)  chloritic, 
from  some  kind  of  chlorite;  (r)  actinoliiic;  (d)  micaceous;  (e)  arenaceous,  or  sand. 

Containing  liquids  in  cavities.  The  liquid  usually  water  (pure,  or  a  mineral  solution), 
or  some  petroleum-like  compound.  Quartz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  and  gaseous  carbon  dioxide. 

B.    Cryptocrtstalline  Varieties. 

Chalcedony.— Kix'vmg  the  luster  nearly  of  wax.  and  either  transparent  or  translucent 
G.  —  2  6-2  64.  Color  white,  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammillnry,  botryoidal.  stalactitic, 
and  occurring  lining  or  filling  cavities  in  rorks.  It  often  contains  some  disseminated  opal- 
silica.  The  name  enJiydros  is  given  to  nodules  of  chalcedony  containing  water,  sometimes 
in  large  amount.  Embraced  under  the  general  name  clmlce<lony  is  the  crystalline  form  of 
silira  which  forms  concreti<»nary  masses  with  radial-fibrous  and  concentric  structure,  and 
which,  as  shown  by  Rosenbuscl).  is  optically  negative,  unlike  true  quartz.  It  has  w,  =  1*537; 
G.  =  2  59-2-64.  Often  in  spherulltes.  showing  the  spherulitic  interference-figure.  Lussa- 
tits  of  Mallard  has  a  like  structure,  but  is  optically  -f-  and  has  the  specific  gravity  and 
refractive  index  of  opal.     See  al.so  quarlzine,  ]>.  828. 

Carnelian.  Sard.— A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chrt/soprase. — An  apple  green  chalcedony,  the  color  due  to  nickel  oxide. 

Prasi'. — Translucent  and  dull  leek-green. 

Plasma. — Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald -green, 
and  subtranslurent  or  feebly  translucent.  Heliotrope,  or  Blood-stone,  is  the  same  stone 
essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of  blood. 

Agate.— X  variegated  chalcedony.  The  colors  are  either  (a)  banded;  or  (b)  irregularly 
clouded;  or  (r)  <lue  to  visible  impurities  as  in  moss  agate,  which  hns  brown  moss  like  or 
dendritic  forms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bands  are 
delicate  parallel  lines,  of  white,  pale  an<l  dark  brown,  bluish  and  other  shades;  they 
are  sometimes  straight,  more  often  wavinir  or  zigzag,  and  occasionally  concentric 
circulnr.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  formed 
by  a  di^posit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks, 
and  drriving  their  concentric  waving  courses  from  the  irn^gularities  of  the  walls  of  the 
cavity.  Tlie  layers  differ  in  porosity,  and  therefore  agates  may  be  varied  in  color  by 
artificini  means,  and  this  is  done  now  to  a  large  extent  with  the  agates  cut  for  ornament. 
There  is  also  agatited  wood:  wood  petrified  with  clouded  agate. 

Onyx. — Like  agate  in  consisting  of  layers  of  different  colors,  white  tnd  black,  white  and 
red,  etc. ,  but  the  layers  in  even  planes,  ancl  the  banding  straight,  and  hence  its  me  for  omnflWi 


OXIDES.  327 

Sttrdonyx. — Like  onyx  in  structure,  but  includes  layers  of  carnelian  (sard)  along  will 
others  of  white  or  whitish,  nnd  brown,  and  sometimes  black  colors. 

Agate-Jasper. — An  agate  consisting  of  jasper  with  veinings  of  chalcedony. 

^iceoue  «nfer.— Irregularly  cellular  quartz,  formed  by  deix>sitiou  from  waters  contain 
ing  silica  or  soluble  silicates  in  solution.     See  also  under  opal,  p.  S29. 

Flint. — Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  dull  colors,  usually 
gray,  smoky  brown,  and  brownish  black.  The  exterior  is  often  whitish,  from  mixture 
with  lime  or  chalk,  iu  which  it  is  embedded.  Luster  barely  glistening,  subviireous. 
Breaks  with  a  deeply  conchoidnl  fracture,  and  a  sharp  cutting  edge.  The  flint  of  the 
chalk  formation  consists  largely  of  the  remains  of  diatoms,  sponges,  and  other  marine 
productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous  uiatter. 
Flint  implements  play  an  important  part  among  the  relics  of  early  man. 

Iloruetane. — Resembles  flint,  but  is  more  brittle,  the  fracture  more  splintery.  Chert  is  a 
term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  including  the  jaspers. 

Baeanite;  LycUan  Stone,  or  Touchstone.— Il  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  the  purity  of  the  precious  metals. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced 
eye  the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

Jasper. — Impure  opaque  colored  quartz;  commonly  red,  also  yellow,  dark  green  and 
grayisli  blue.  Striped  or  riband  jasper  has  the  colors  in  broad  stripes.  Porcelain  jasper  is 
nothing  but  baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 

C.  Besides  the  above  there  are  also: 

Granular  Quartz,  Quartz-rock,  or  Quarieite.—A  rock  consisting  of  quartz  grains  very 
firmly  compacted;  the  grains  often  hardly  distinct.  Quarieose  Sandstone,  Quartz-con- 
jlomeraie. — A  rock  made  of  pebbles  of  quartz  with  sand.  The  pebbles  sometimes  are 
jasper  and  chalcedony,  and  make  a  beautiful  stone  when  polished.  Itacolvmitc,  or  Flexible 
Sandstone. — A  friable  sand-rock,  consisting  mainly  of  quartz-sand,  but  containing  a  little 
mica,  and  possessing  a  degree  of  flexibility  when  in  thin  laminse.  BuJtrsione,  or  lUinsione. 
— A  cellular,  flinty  rock,  having  the  nature  in  part  of  coarse  chalcedony, 

Pseudamiyrphous  Quartz. — Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
species,  which  it  has  taken  through  either  the  alteration  or  replacement  of  crystals  of  those 
species.  The  most  common  quartz  pseudomorphs  arc  those  of  calcite,  barite,  fluorite,  and 
dderite.     Silieified  wood  is  quartz  pseudomorph  after  wood  (p.  258). 

Pyr.,  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  wiih  soda 
dissolves  with  effervescence;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydro- 
chloric acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies,  the  crypto- 
crystalline  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  fused 
and  cooled  it  becomes  opal-silica  having  6.  =  2*2. 

Dift— Characterized  in  ciystals  by  the  form,  glassy  luster,  and  absence  of  cleavage; 
also  in  general  by  hardness  and  infusibility. 

Easily  recognized  in  rock  sections  by  Us  low  refraction  ("low  relief,"  p.  170)  and  low 
birefringence  (6  — CO  =  0*009);  the  interference  colors  in  ^ood  sections  not  rising  above 
yellow  of  the  first  order;  also  by  its  limpidity  and  the  posuive  uniaxial  cross  yielded  by 
axial  sections  (p.  203,  note),  which  remain  dark  when  revolved  between  croised  uicols. 
Commonly  in  formless  grains  (granite),  also  with  crystal  outline  (porphyry,  etc.). 

Obs. — Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  granitc- 
poi"phyry,  quartz-porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  commonly 
m  formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last  product 
of  crystallization.  Fuither  it  is  an  essential  constituent  in  quartz  diorite,  quartz-diorite 
porphyry  and  dacites  in  the  diorite  group;  in  the  porphyries  frequently  in  distinct  crystals. 
It  occurs  also  as  an  accessory  in  other  feldspnthic  igneous  rocks,  such  as  syenite  and  trachyte. 
Among  the  metamorphic  rocks  it  is  an  essential  component  of  certain  varieties  of  gneiss,  of 
quartzite.  etc.  It  forms  the  mass  of  common  sandstone.  It  occurs  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreign  mineral  in  some  limestones. 
etc,  making  geodes of  crystals,  or  of  chalcedony,  agate,  carnelian,  etc. ;  as  embedded  nodules 
or  masses  in  various  limestones,  constituting  the  flint  of  the  Chalk  formation,  the  hornstone 
of  other  limestones— these  nodules  sometimes  becoming  continuous  layers;  as  masses  of 
jasper  occasionally  in  limestone.  It  is  the  principal  materijil  of  the  pebbles  of  gravel-beds, 
and  of  the  sands  of  the  seashore,  and  sandbeds  everywhere.  In  graphic  granite  {pegmalite) 
the  quartz  individuals  are  arranged  in  parallel  position  in  feldspar,  the  angular  particles 
resembling  writleo  characters.  The  quartz  grains  in  a  fragmental  sandstone  are  often 
found  to  have  undergone  a  secondary  growth  by  the  deposition  of  crystallized  silica  with 
like  orientation  to  the  original  nucleus. 

Switzerland  Dauphine,  Piedmont,  the  Carrara  quarries,  and  numerous  other  foreign 
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localities,  a£Pord  floe  specimens  of  rock  crystal;  also  Japan,  whence  tbe  beautiful  crystal 
spheres,  iu  rare  cases  up  to  6  inches  in  diameter.  Smoky  quarU  crystals  of  great  boiuty, 
and  ofteu  highly  complex  iu  form,  occur  at  many  points  in  the  central  Alps,  also  at 
Cairugunn.  Scotland.  The  most  beautiful  amethysts  are  brought  from  India,  Ceylon,  and 
Persiu,  also  from  Brazil;  inferior  specimens  occur  iu  Transylvania.  The  linest  e<irneliaii9  and 
ngutes  are  found  iu  Arabia,  India,  Bntzil.  Surinam,  also  formerly  at  Oberstein  and  Saxony. 
S<  otlund  affords  smaller  but  handsome  specimens  (Scotch  pebbles).  The  banks  of  the  Nile 
uilord  the  Egyptian  jiisper;  the  striped  jasper  is  met  with  iu  Siberia,  Saxony,  and  Devonshire. 

In  New  lork,  quartz  crystals  are  abundant  in  Herkimer  Co.,  at  Middleville,  Little 
Falls,  etc.,  h}ose  in  cavities  in  the  Calciferous  sand-rock,  or  embedded  in  loose  earth. 
Fine  quartzoids.  at  the  beds  of  hematite  iu  Fowler,  Herman,  and  Edwards,  St.  Lawreuce 
Co.,  also  at  Antwerp,  Jefferson  Co.  On  the  banks  of  Laidlaw  Ijake,  Rossie,  large  implanted 
crystals;  at  Eileuville  lead  mine,  Ulster  Co  ,  iu  line  groups.  At  Paris,  Me.,  handsome 
crystals  of  browu  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Arkansas.  Alexander  Co.,  N.  C,  has  afforded  great  numbers  of  highly  complex  crystals, 
with  rare  moditications.  Fine  crystals  of  smoky  quartz  come  from  the  granite  of  the  Pilce's 
Peak  region,  Colorado.  Geodes  of  quartz  crystals,  also  enclosing  calcile,  sphakrite,  etc., 
are  common  in  the  Keokuk  limestone  of  the  west. 

lioM  qiiartz  occurs  at  Albany  and  Paris,  Me.;  Acworth,  N. ;  H.  Southbury,  Court. 
Amethyst,  in  trap,  at  Keweenaw  Point,  Lake  Superior;  Specimen  Mt ,  Yellowstone  Park: 
in  Pennsylvania,  in  East  Bradford,  Chester,  and  Providence  (one  tine  crystal  over  7  lbs.  io 
weight),  in  Chester  Co.;  at  the  Prince  vein.  Lake  Superior;  large  crystals,  near  Greensboro, 
N.  C. ;  crystallized  green  quartz,  in  talc,  at  Providence,  Delaware  Co.,  Penn.  Chalcedony 
and  iif/uies  abundant  and  beautiful  on  N.  W.  shore  of  Lake  Superior.  Red  ]as|>er  is  fouad 
on  Su|rar  Loaf  Mt.,  iMaine;  in  ()ebbles  on  the  banks  of  the  Hudson  at  Troy;  yellow,  with 
chalcedony,  at  Chester,  Mass.  Agntized  and  jasperized  wood  of  great  beauty  and  variety 
of  color  is  obtaiued  from  the  petriHed  forest  called  Chalcedony  Park,  uearCarrizo,  Apache 
Co.,  Arizona;  also  from  the  Yellowstone  Park;  near  Florissant  and  elsewhere  iu  Colorado; 
Ametliyst  Mr.,  Utah;  Napa  Co.,  Califoruia.  Moss  agates  from  Humboldt  Co.,  Nevada, 
aud  many  other  points. 

The  word  quartz  is  of  German  provincial  origin      Agate  is  from  the  name  of  the  river 
Achates,  iu  Sicily,  whence  specimens  were  brought,  as  stated  by  Tbeophraatus. 

QuAUTziNE  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  in 
chalcedony  and  is  inferred  to  be  triclinic  in  crystalline  structure.     Luteeite  belongs  here. 

TRIDYMITE. 

Hexagonal  or  pseudo-hexagonal.  Axis  ^  =  1  6530.  Crystals  usually  minute, 
thin  tabular  ||  c;  often  in  twins;  also  united  in  fan-shaped  groups. 

Cleavage:  prismatic,  not  distinct;  parting  ||  r,  sometimes  observed.  Frac- 
ture conclioidal.  Brittle.  II.  =  7.  G.  =  2-28-2-33.  Luster  vitreous,  on  c 
pearly.  Colorless  to  white.  Transparent.  Optically  +.  Often  exhibits 
anomalous  refraction  phenomena. 

Comp. — Pure  silica,  SiO,,  like  quartz. 

Pyr..  etc.— Like  quariz.  but  soluble  iu  boiling  sodium  carbonate. 

Obs.— Occurs  cliielly  in  acidic  volcanic  rocks,  trachyte,  andesite,  llparite,  less  often  in 
dolcrite;  usually  in  cavities,  often  associated  with  snnidlne,  also  hornblende,  auglte,  hema- 
tite; someiimesiu  opal.  First  observed  in  crevices  and  druses  in  an  augite-andesifbe  from 
the  Cerro  San  Cristobal,  near  I'acliura.  Mexico;  later  proved  to  be  rather  genemllv 
disiributed.  Thu^^  in  trachyte  of  the  Siebenirebirge;  of  Euganean  Hills  in  N.  Italy  Pny 
Capucin  (Monl-Dore)  in  Central  France,  etc  In  the  ejected  masses  from  Vesuvius  con- 
8i.snng  chietiy  of  sjuiidine.  With  (juartz,  feldspar,  fayalite  in  lithophyses  of  Obsidian  cliff. 
Yellowstone  Park.     In  the  andesite  of  Mt.  Rainier.  VJ'ashington. 

Named  from  r/j/VS?7/o?,  thre^fo/d,  in  allusion  lo  the  common  occurrence  in  trillings. 

L  form  of  silica  found  in  the  meteoric  iron  of  Breltenbach,  in  very  minute 


Mrlanophlogite.  In  miiuite  cubes  and  spherical  agcrregales.  Occurring  with  calcita 
and  celestite  implanted  upon  an  incrustation  of  opaline  silica  over  tbe  sulphur  crystals  of 
Oirgenti,  Sicily.  Consists  of  SiO,  with  5  to  7  p.  c.  of  SOi.  The  mineiml  turns  black 
auoerflciallv  when  heated  B.B.  w*-*^ 


superficially  when  heated  B.B. 
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OPAL. 


Amorphous.  Massive;  sometimes  small  reniform^  stalactitic^  or  large 
tuberose.    Also  earthy. 

H.  =  5*5-C-5.  G.  =  r9-2'3;  when  pure  21-2-2.  Luster  vitreous,  frequently 
subvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly.  Color  white, 
yellow,  red,  brown,  green,  gray,  blue,  generally  pale  ;  dark  colors  arise  from 
foreign  admixtures;  sometimes  a  rich  play  of  colors,  or  different  colors  by 
refracted  and  reflected  light.  Streak  white.  Transparent  to  nearly  opaque. 
n,  =  1*44-1 '45. 

Ofteu  shows  double  refractiou  simihir  to  thiit  observed  in  colloidal  substances  due  to 
teosiou.  Tbe  cause  of  tbe  play  of  color  in  tbe  precious  opal  was  investigated  by  Brewster, 
wlio  ascribed  it  to  the  presence  of  microscopic  cavities.  Belireods.  however,  has  given  a 
monogi'aph  on  the  subject  (Her.  Ak.  Wien,  64  (1),  1871),  and  has  shown  that  this  explanation 
is  incorrect:  he  refers  the  colors  to  thin  curved  lamellae  of  ojmiI  whose  refractive  power  may 
differ  by  01  from  that  of  the  mass.  These  are  conceived  to  have  been  originally  formed  in 
parallel  position,  but  have  been  changed,  bent,  and  finally  cracked  and  broken  in  the 
Bolidificatiou  of  the  groundmass. 

Comp. — Silica,  like  quartz,  with  a  varying  amount  of  water,  SiO,.«U,0. 
The  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  degrees  of  hardness  and  specific  gravity,  and,  as 
generally  believed,  of  incapability  of  crystallization.  The  water  present  vanes  from  2  to  13 
p.  c.  or  more,  but  mostly  from  3  to  9  p.  c.  Small  quantities  of  ferric  oxide,  alumina,  lime, 
magnesia,  and  alkalies  are  usually  present  as  impurities. 

Var  — Precious  Opal. — Exhibits  a  play  (»f  delicate  colors. 

Fire  opal, — Hyacinth-red  to  honey -yellow  colors,  with  fire-like  reflections,  somewhat 
irised  on  turning. 

C^raeol. —Bluish  white,  translucent,  with  reddish  reflections  in  a  bright  light. 

Common  Opal. — In  part  translucent;  (a)  milk-opal,  milk-white  to  greenish,  yellowish, 
bluisb;  (ft)  Heein-opal,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster:  (c)  dull  olive- 
crreen  and  mountain-green;  {d)  brick-red.  Includes  Semiopal;  (e)  Uydrophane,  a  variety 
which  becomes  more  translucent  or  transparent  in  water. 

Caeholong. — Opaque,  bluish  white,  porcelain  white,  pale  yellowish  or  reddish. 

Opa^^^a(0.— Agate- like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

MeniliU. — In  concretionary  forms;  opnque.  dull  grayish. 

Jaep^pal.  Opal-jasper  —Opal  containing  some  yellow  iron  oxide  and  other  impurities, 
and  having  the  color  of  yellow  jasper,  with  the  luster  of  common  opal. 

Wood-opal.     Holz-opal  Oerm. — Wood  petrified  by  opal. 

Hyalite.  Muller's  Glass. — Clear  as  glass  and  colorless,  constituting  globular  concretions, 
and  crusts  with  a  globular  or  botryoidal  surface;  also  passing  into  translucent,  and  whitish. 
Less  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

pioriU,  BUieeoue  Sinter. — Includes  translucent  to  opaque,  grayish,  whitisli  or  brownish 
incrusitations,  porous  to  firm  in  texture:  sometimes  fibrous-like  or  filamentous,  and.  when 
so,  fiearly  in  luster  (then  called  Pearl-sinter);  deposited  from  the  siliceous  wateis  of 
hot  springs. 

Oeyserita. — Constitutes  concretionary  deposits  about  the  geysers  of  the  Yellowstone  Park, 
Iceland,  and  New  Zealand,  presenting  white  or  gmyish,  porous,  stalactitic.  filamentous, 
cauliflower  like  forms,  often  of  great  beauty;  also  compact-massive,  and  scaly  massive. 

Float  stone, — In  light  porous  concretionary  masses,  while  or  grayish,  sometimes  cavern- 
ous, rough  in  fracture. 

TripoliU. — Formed  from  the  siliceous  shells  of  diatoms  (hence  called  ffiafomife)  a"(i 
other  microscopic  species,  and  occurring  in  exten*iive  deposits.  Includes  Infusorial  Earthy 
or  Earthy  Tripeiite.  a  very  fine-grained  earth  looking  often  like  an  earthy  chalk,  or  a  clay, 
but  harsh  to  the  feel,  and  scratching  glass  when  rubbed  on  it. 

P3nr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  vellow  vMrieiies. 
contAiniiig  iron  oxide,  turn  red.  Soluble  in  hydroflnoric  acid  somewhat  more  readily  than 
quarts:  also  lohible  in  caustic  alkalies,  but  more  readily  in  some  varieties  than  in  others. 

Obs. — Ocean  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  as  trachyte,  por- 
phyry, alio  in  mne  metallic  veins.  Also  embedded,  like  flint,  in  limestone,  and  sometimes. 
uke  other  qUMts  CODcreUoDS,  in  argillaceous  beds;  formed  from  the  siliceous  waters  of 
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some  hot  springs;  often  resulting  from  tlic  mere  accumiilatioD,  or  accumulatioD  an<l  partial 
solution  and  soli(lilic:itiou,  of  the  siliceous  shells  of  iufusoria,  of  spouse  spicules,  itc, 
wLich  consist  cssiutially  of  opul-silicu.  'Ibe  last  meuiioned  is  the  proiMiulu  bource  of  the 
opal  of  limesitones  aud  argillaceous  beds  (as  it  is  of  tiint  in  the  same  rocks),  aud  of  i>artof 
that  ill  igueous  rocks.     It  exists  in  most  chalcedony  and  Hint. 

Ih-ecians  opal  occurs  in  porphyry  at  Czerwenitzu.  near  Kashau  in  Hungary;  at  Graciasa 
Dios  iu  Ilonduras;  Qucretaro  in  Mexico;  a  beautiful  blue  opal  on  Bulla  Creek,  Quecnslnud. 
Fire-opal  occurs  at  Ziniapau  iu  Mexico;  the  Filr5er;  near  San  Antonio,  Ilonduras.  Common 
opal  is  abundant  at  Telkebanya  in  Hungary:  near  Pernsteiu,  etc.,  in  Moravia;  iu  Bohemin; 
Sii^nzelberg  iu  Siebengebir^e;  in  Iceland.  HyalUe  occurs  in  amygdaloid  at  Scheumitz. 
Uiingary;  iu  clinkstone  at  Waltsch.  Bohemia;  at  San  Luis  Potosi,  Mexico. 

In  U.  S.,  hyalite  occurs  sparingly  in  connection  with  the  trap  rock  of  New  Jersey  and 
Conned icut.  A  water-worn  siK^cimen  of  fire-opal  has  been  found  on  the  John  Davis  river, 
in  Cr(M>k  Co.,  Oregon. 

Common  opal  i»  found  at  Cornwall,  Lebanon  Co  ,  Peun.;  at  Aquas  Calieutes.  Idabo 
Springs,  Colo.;  a  white  variety  at  Mokelumue  Hill,  Calavenis  Co..  Cal.,  and  on  the  Mt. 
Diablo  range.  Gevserite  occurs  in  great  abundance  and  variety  iu  the  Yellowstone  region 
(cf.  above):  also  siliceous  sinter  ai  Steamboat  Springs,  Nevada.  Other  localities  are  given 
by  Kunz,  Gems  and  Precious  Stones  of  N.  A.,  Ib90. 
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II.  Oxides  of  the  Semi-Metals;  also  Molybdenum,  TungsteiL 

Arsenolite.     Arsenic  tiioxide.  AsaOa.     In  isometric  octahedrons;  in  crusts  aud  earthy. 
Colorless  or  white.     G.  =  3  7.     Occurs  with  arsenicd  ores. 

Claudetite.     Also  As.j03.  but  monoclinic  in  lorm. 

Senarmontite.     Antimony  trioxide.     Sb-iOs-     In  isometric  octahtdrons;  in  crusts  aod 
granular  massive,     (i.  —  5  ;3.     Colorless,  grayish.     Occurs  with  ores  of  antimony. 

Valentinite.     Also  Sb^Os,  but  in  pri^-matic  ortliorhombic  crystals. 

Bismite.     Bismuth  irioxi<le.  Hi-.-Oj.     PnlveruUni,  earthy;  color  straw-yellow. 

Tellurite.     Tellurium  dioxide.  Te0.j      In  white  to  yellow  slender  piisn.atic  crystals. 

Molybdite.    Molybdenum  irioxiile,  MoOs.    In  capillary  tufted  forms  and  earthy.    Color 
stniw-vellow. 

Tungstite.     Tungsten  tiioxide,  WOs.     Pulverulent,  earthy;  color  yellow  or  yellowish 
green. 

Cervantite.     BbaOs.S'.'aOs.     In  yellow  to  white  acicular  crystals;   also  massive,  pul- 
verulent. 

Stibiconite.     ir^Sb^Os.     Massive,  compact.     Color  pale  yellow  to  yellowish  white. 


III.  Oxides  of  the  Metals. 

A.  Anhydrous  Oxides. 

I.  Protoxides,  1^,0  and  RO. 
II.  Sesquioxides,  K,0, 

III.  Intermediate,  RK,0,  or  RO.R.^,,  etc. 

IV.  Dioxides.  KO,. 

The  Anhydrous  Oxides  include,  as  shown  above,  three  distinct  divisions, 
the  Protoxides,  the  Sesquioxides  and  the  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properly 
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to  be  regarded  chemically  as  salts  of  certain  acids  (aluminates,  ferrates^  etc.); 
here  is  included  the  well-characterized  Spinel  Group. 

Among  tlie  Protoxides  the  only  distinct  group  is  the  Periclase  Group, 
which  includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 
Bunsenite,  NiO.     All  of  these  are  isometric  in  crystallization. 

The  Sesquioxides  include  the  well-characterized  Hematite  Group,  E,0,. 
The  Dioxides  include  the  prominent  Rutile  Group,  RO,.  Both  of  these 
groups  are  further  defined  later. 


I.  Protoxides,  R,0  and  RO. 

OUPRTTB.     Red  Copper  Ore.     Rothkiipfererz  Germ. 

Isometric-plagihedral.      Commonly  in    octahedrons;    also  in   cubes  and 
dodecahedrons,  often   highly   modified.     Plagihedral  ^5^ 

faces  sometimes  distinct  (see  pp.   50,  51).     Also  mas- 
sive, granular;  sometimes  earthy. 

Cleavage:  o  interrupted.  Fracture  conchoidal, 
uneven.  Brittle.  H.  =  3-5-4.  G.  =  5-85-615. 
Luster  adamantine  or  submetallic  to  earthy.  Color 
red,  of  various  shades,  particularly  cochmeal-red, 
sometimes  almost  black;  occasionally  crimson-red  by 
transmitted  light.  Streak  several  shades  of  brownish 
red,  shining.  Subtransparcnt  to  subtranslucent.  Re- 
fractive index,  n,  =  2*849  Fizeau. 

A.i*izoDft 

Var. — 1.  Ordinary,     (a)  Crystallized:    commonly  in   octft- 

bedrons,  dodecahedrons,  cubes,  and  intermediate  forms;  the  crystals  often  with  a  crnst  of 

malachite;  ib)  massive. 

2.  CaptUarp;  ChaUoiriehiU,  Plush  Copper  Ore  In  capillary  or  acicular  crystalliza- 
tioDs,  which  are  sometimes  cubes  elongated  iu  the  direction  of  the  cubic  axis. 

8.  EarViy ;  Tile  Ore,  Ziegelerz  Oerm.  Brick-red  or  reddish  brown  and  earthy,  oftea 
mixed  with  red  oxide  of  iron;  sometimes  nearly  black. 

CfOmp. — Cuprous  oxide,  Cu,0  =  Oxygen  11'2,  copper  SB'S  =  100. 

P3rr.,  etc. — Unaltered  in  the  closed  lube.  B.6.  in  the  forceps  fuses  and  colors  the 
flame  ememld-green.  On  charcoal  first  blackens,  then  fuses,  and  is  reduced  to  metallic 
copper.  With  the  fluxes  gives  reactions  for  copper.  Soluble  in  concentrated  hydrochloric 
acid,  and  a  strong  solution  when  cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  subchloride  of  copper. 

Di& — ^Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
and  proostite  and  differs  from  them  in  the  color  of  the  streak;  reactions  for  copper,  B.B  , 
are  conclusive. 

Ob«. — Ocean  at  Kamsdorf  in  Thuringia;  in  Cornwall,  in  fine  crystals,  at  Wheal  Gorlnnd 
and  other  mines;  in  Devonshire  near  Tavistock;  in  isolated  crystals,  more  or  less  altered  to 
malachite,  at  Chessy,  near  Lyons,  France;  in  the  Ural;  South  Australia;  also  abundant  in 
Chili,  Peru.  Bolivia. 

In  the  U.  8.  observed  at  Somerville.  etc..  N.  J.;  at  Cornwall,  Lebanon  Co  ,  Pa.;  in  the 
Lake  Superior  region.  With  malachite,  limonite,  etc  ,  at  the  Copper  Queen  mine.  Bisbee, 
Arizona,  sometimes  in  flne  crystals;  beautiful  ehalcotriehite  at  Morenci;  at  Clifton,  Graham 
Do.,  in  crystals,  and  massive. 

Ibe.  H.O.  Hexagonal.  Familiarly  known  iu  six-i-ayed  snow  crystals;  aho  coating 
ponds  in  winter,  further  as  glaciers  ana  icebergs. 

Periclase  Group. 

Periolaie.  Magnesia,  MgO.  In  cubes  or  octahedrons,  and  in  gi*ain8.  Cleavage  cubic. 
3.  =6.  O.  ^  8*67-8  00.  Occurs  in  white  limestone  at  Mt.  Somma;  at  the  Kitteln  manga- 
leae  mia«,  Nordmark,  Sweden. 
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Manganosite.  Manganese  protoxide,  MnO.  lu  isometric  octahedrons.  Cleavage  cubic. 
H.  =  5-6.  G.  =  5*18.  Color  emerald-greeu,  becoming  black  on  exposure.  FroniL&ngban 
and  Nordmark,  Sweden. 

Bunsenite.    Nickel  protoxide,  NiO.   lu  green  octahedrons.    From  Johanngeorgenstadt, 


ZINOITE.    Red  Oxide  of  Zinc.     Red  Ziuk  Ore.     Rotbzinket^  Qerm. 

Hexagonal-hemimorphic.  Axis  (J  =  1*6219.  Natural  crystaU  rare  (Fig. 
50,  p.  18);  usually  foliated  massive,  or  ia  coarse  particles  and  grains;  also  with 
granular  structure. 

Cleavage:  (^perfect;  prismatic,  sometimes  distinct.  Fracture subconchoidal. 
Brittle.  H.  =  4-45.  G.  =  5'43-5'7.  Luster subadamantine.  Streak  orange- 
yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to  subtranslucent. 
Optically  -f-. 

Comp.— Zinc  oxide,  ZnO  =  Oxygen  19  7,  zinc  80*3  =  100.  Manganese 
protoxide  is  sometimes  present. 

PyMetc. — B.B.  infusible;  with  the  fluxes,  on  the  platinum  wire,  gives  reactions  for 
nianganfse,  and  on  charcoal  in  R.F.  gives  a  coating  of  zinc  oxide,  yellow  while  hot,  and 
white  on  cooling.  Tlie  coating,  moistened  with  cobalt  solution  and  treated  in  O.F.,  assumes 
a  green  color.     Soluble  in  ncius. 

Di£f.— Characterized  by  its  color,  particularly  that  of  the  streak;  by  cleavage;  by 
relictions  B.B. 

Obs — Occurs  with  franklinite  and  willemite,  at  Sterling  Hill  near  Ogdensburg,  and  at 
Mine  Hill.  Franklin  Furnace,  Sussex  Co.,  N.  J.,  sometimes  in  lamellar  masses  in  pink 
calcite.     A  not  uncommon  furnace  product. 

Massicot.     Lead  nionoxid^r  PbO.     Massive,  sculy  or  earthy.     Color  yellow,  reddish. 

Tenorite.  Cupric  oxide,  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vi'suviu».  Also  black  earthy  miissivc  (melaeoniU);  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn.,  and  Keweenaw  Point,  Lake  Stiperior. 

Paramelaconite  is  essentially  cupric  oxide,  CuO,  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Arizona. 


Hematite  Group.     R,Oa.     Rhombohedral. 

rr'  d 

Corundum  A1,0.  93°  56'  13630 

Hematite  Fe.Oa  94°    0'  13656 

nmenite  (Fe,Mg)O.TiO,  Tri-rhombohedral      94°  29'  1-3846 

Pyrophanite         MiiO.'iMO,  "  94°    5^'  1-3692 

The  Hematite  Group  embraces  the  sesquioxides  of  aluminium  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  system  with  a  fundamental 
rhombohedron  differing  but  little  in  angle  from  a  cube.  Both  the  minerals 
belonging  here.  Hematite  and  Corundum,  are  hard. 

To  these  species  the  titanates  of  iron  (and  magnesium)  and  manganese, 
Ilmenite  and  Pyrophanite,  are  closely  related  in  form  though  helonffing  to  the 
tri-rhombohedral  group  (phenacite  type);  in  other  words,  the  relation  between 
hematite  and  ilmenite  nuiy  be  regarded  as  analogous  to  that  between  calcite 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  titaninm, 
and  an  artificial  isomorphous  compound,  Ti,0„  has  been  described.  Hence 
the  ground  for  writing  the  formula  of  ilmenite  (Fe,Ti),0„  as  is  done  by  some 
authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mj;)TiO,  is 
more  correct. 


CORUNDUM. 

Bhorobohedral.  Axis  d  =  V 
er.  OO0lAl0il  =  67*84'. 
en.  0OOlA8248  =  6r  lli 
n^,  lOilAllOl  =98' 66'. 
nn',  2343AS423  =  SI'  58". 
ttf,  44g8A4848  =  VT  SS". 
«-,    8241a5i2i  =  58°6S'. 

Twitta:  tw.pl.r;  sometimes 
penetration -twins;  often  poly- 
synthetic,  and  thuB  producing 
a  laminated  structure.  Crys- 
tals usually  rough  and  rounded. 
Also  massive,  with  nearly  rect- 
angular parting  or  pseudo- 
cleuvBige;  granular,  coarse  or 
fine. 

Parting:  c,  sometimes  per- 
fect, but  interrupted;  alsordne  to  twinning,  often  prominent;  a  leas  distinct. 
Fracture  uneven  to  concboidal.  Brittle,  when  compact  very  tongh.  H.  =  9. 
O.  =  3'95-4*10.  Luster  adamantine  to  vitreous;  on  c  sometimes  pearly.  Oc- 
casionally  showing  asterism.  Color  blue,  red,  yellow,  brown,  gray,  and  nearly 
white;  streak  nocolored.  Pleochroic  in  deeply  coloi^  varieties.  Transparent 
to  tranalnoent.  Normally  uniaxial,  negative;  for  sapphire  (»,=  1'76T6  to 
1-7682  and  «,  =  1'7594  to  1'759S  Dx.     Often  abnormally  biaxial. 

naor  Uieapeclea  promlncDtly  recogofzed  tn  thearta,  but 
.        ,  ate  of  cijstallizalion  or  sirucluie. 

VarTI.  SiPpkiKicyKDBY.— liicludia  the  purer  kiudi  of  fine  colors.  traneptiTeDt  to  tfaoi- 
luc«nt,  useful  u  gems  Stooes  are  imnied  iicconiiDi;  to  Ilieir  colors;  Sapphirt  blue:  Una 
Raby.  or  Qrimlal  Rubv,  reil;  O.  Topai,  yellow;  O.  Emerald,  green;  O.  Am»thy»t,  purple,  ' 
A  vurleiy  baviag  a  stellate  opalescence  wlien  viewed  in  the  direction  of  the  vertical  axis  of 
the  cryatal,  Is  the  Anlsriated  Sapphire  or  Star  Sapplifre. 

2.  CoRONDOM. — lucliides  ilie  klods  of  dark  or  dull  colors  and  not  Imtistwreut,  colon 
llglit  blue  to  gray,  browti,  and  black.  The  original  aAirn'mtint  apar  from  ludta  baa  a  dark 
gmyish  Rmnky-brnwii  linl,  bm  greenisb  or  bliiiab  bv  Irauaniiltcd  light,  wbt-n  trauBlucent. 

8  Evert.  Bchmirgel  O^rn— Includes  granular  corundum,  of  black  or  gnvlshblack 
color,  and  conlatna  magnetite  or  lieuintite  intimately  mixed.  Sometimca  nesociated  wiUi 
Iron  spinel  or  bercynite.  Feds  and  looks  niucb  like  a  black  fine-grained  Iron  ore,  which  It 
was  long  considfed  to  he.  There  are  gradations  from  the  evenly  Huegralned  emery  to 
kinda  ia  which  lb.  corundum  is  in  distinct  crysinis, 

CoBip.— Alumina,  A1,0,  =  Oxygen  47'I,  alumininm  52-9  =  100.  The  crys- 
tallized varieties  are  essentially  pure;  unalyses  of  emery  show  more  or  less 
impurity,  chiefly  magnetite. 

Pjrr..  ate. — B  B.  unaltered;  si'iwly  dissolved  in  bonix  and  sail  of  phospborus  to  a  clear 
class,  which  Is  colorlcas  when  free  frnin  iron;  not  ncled  upon  by  soda.  The  finely  pulver- 
ized mineral,  after  long  heating  with  cohalL  aoliiiion,  gives  a  benutlful  Ijlue  color.  Not 
acted  upon  by  acids,  but  converted  Into  a  soluble  compound  by  fusion  wilb  potassium 
blBulpitHlo. 

niff. — Chsracterleed  by  its  bardncas  (scmtcfaing  quarlE  and  topaz),  by  Us  adamatitlne 
luster,  high  specific  gravity  and  Infusibility.  The  massive  variety  with  rhombobedral 
parting  resembles  cleavable  feldspar  but  Is  much  hnrder  and  denser. 

Oba. — Usually  occurs  in  cryflwlliiie  n)cka.  as  granular  limestone  or  dolomite,  gneiss, 
granite,  mica  slate,  chlorite  slate.  The  associated  uilnerals  often  include  some  species  of 
the  chlorite  group,  as  ptochloriie.  com odophi lite,  margariie,  alao  tourmaline,  apioel. 
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cyaDite,  diaspore,  and  a  series  of  alumiuous  miDerals,  in  part  produced  from  its  alteration. 
Occasionally  found  in  ejected  masses  enclosed  iti  youuger  volcanic  rocks,  as  at  KOuigs- 
winter,  Niedermeudig,  etc.  Rarely  observed  us  a  coutact-minerul.  The  fine  sapphires  are 
usually  obtained  from  the  be<ls  of  rivers,  either  in  modified  hexagonal  prisms  or  in  rolled 
masses,  accompanied  by  grains  of  magnetite,  and  several  kinds  of  gems,  as  spinel,  etc. 
The  emery  of  Asia  Minor,  Dr.  Smith  states,  occurs  in  gi-anular  limestone. 

The  best  rubies  come  from  the  mines  in  Upper  Burma,  north  of  Mundalay,  in  an  area 
covering  25  to  30  square  miles,  of  which  Mogok  is  the  center.  The  rubies  occur  in  ntu  in 
crystalline  limestone,  also  in  the  soil  of  the  hillsides  and  in  gem-bearing  gravel.  Blue 
sapphires  are  brought  from  Ceylon,  often  as  rolled  pebbles,  also  as  well-preserved  crystals. 
Corundum  occurs  in  the  Curnatic  on  the  Malabar  const,  on  the  Chant ibun  hills  in  Siani, 
and  elsewhere  in  the  Kiist  Indies;  also  near  Canton,  China.  At  8t.  Gotbard,  it  occurs  of  a 
red  or  blue  tinge  in  dolomite,  and  near  Mozzo  in  Piedmont,  in  white  compact  feldspar. 
Adamantine  spar  is  met  with  in  lirire  < oarse,  hexagonal  pyramids  in  Gellivara,  Swiden. 
Other  localities  are  in  Bohemia,  near  Petschan;  In  the  Ihnen  mountains,  not  far  from 
Miask;  in  the  gold-washings  northeast  of  Zlatoust.  Corundum,  sapphires,  and  less  often 
rubies  occur  in  rolled  pebbles  in  the  diamond  gravels  on  the  Cudgegong  river,  at  Mudgee 
and  other  points  in  New  South  Wales.  Emerv  is  found  in  large  bowlders  at  Naxos,  Nicaria, 
and  Samos  of  the  Grecian  islands;  also  in  Asia  Minor,  12  m.  £.  of  Ephesus,  near  Gumuch- 
dagh  and  near  Smyrna,  associated  with  margarite,  chloritoid,  pyrite. 

In  N.  America,  in  MassfiehtuetU,  at  Chester,  with  magnetite,  diaspore,  rlpidolite,  mar- 
garite, etc.,  mined  for  use  as  emery.  In  ConnecUeut.  near  Litchfield.  In  New  York,  at 
Warwick,  bluish  and  pink,  with  spinel;  Amity,  in  gran,  limestone;  emery  with  magnetite 
and  green  spinel  (hercynite)  in  Westchester  Co.,  near  Cruger's  Station,  and  elsewhere.  In 
If&u)  Jersep,  at  Newton,  blue  crystals  in  gran,  limestone;  at  Vernon.  In  Penfutylvania,  in 
Delaware  Co..  in  Aston,  near  Village  Green,  in  large  crystals;  at  Mineral  Hill,  in  loose 
cryst.;  in  Chester  C  >.,  at  Unionville,  abundant  in  crystals;  in  lar^e  crystals  loose  in  the  soil 
at  Shimersville,  Lehigh  Co.     In  Virginia,  in  the  mica  schists  of  Bull  Mt.,  Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  and 
South  Carolina  and  Georgia  to  Dudley ville,  Alabama;  especially  in  Madison,  Buncombe, 
Haywood,  Jackson,  Macon,  Clay,  and  Gaston  counties  in  North  Carolina.  The  localities 
at  which  most  work  has  been  done  are  the  Culsugce  mine,  Corundum  hill,  near  Franklin, 
Macon  Co.,  N.  C.  and  26  miles  S.  E.  of  this,  at  Laurel  Creek,  Ga.  The  corundum  occurs 
in  be'ls  in  chrysolite  (and  serpentine)  and  hornblendic  gneiss,  associated  with  a  species  of 
the  chlorite  group,  also  spinel,  etc..  and  here  as  elsewhere  with  many  minerals  resulting 
from  'its  alteration.  Some  fine  rubies  have  been  found.  Fine  pink  crystals  of  corundum 
occur  at  Hiawassee,  Towns  Co.,  Georgia.  In  Colorado,  small  blue  crystals  occur  in  mica 
schist  near  Saiida.  Chaffee  Co.  Gem  sapphires  are  found  near  Helena,  Montana,  in  gold- 
washings  and  in  bars  in  the  Missouri  nver,  especially  the  Eldorado  bar;  at  Togo  Gulcn  on 
the  Judith  river  and  at  other  points  in  Montana.  In  California,  in  Los  Angeles  Co.,  in  tht 
drift  of  San  Francisqueto  Pass.    In  Canada,  at  Burgess,  Ontario,  red  and  blue  crystals. 

HEMATITE.    Eisenglauz,  O&rm. 
Ehombohedral.    Axis  6  =  1-3656. 

er,  0001  A  1011  =  57°  37'. 
r/,  1011  A  1101  =  94°  0'. 
d(f ,  0112  A  1012  =  64"  51'. 


t/w',  10i4  A  il04 
nn\  2248  A  2428 
en,    0001  A  2248 


87*   TT. 

5r  5y. 

6r  18'. 


*6. 


667. 


668. 


660. 


669. 


Twins :  tw.  pi.  (1)  c,  penetration-twins;   (2)  r,  less  common,  usually  at 
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polysynthetic  twinning  lamellae,  producing  a  fine  striation  on  c,  and  giving  rise 
to  a  distinct  parting  or  pseudo-cleavage  ||  r.  Crystals  often  thick  to  thin 
tabniar  |  c^  and  gronped  in  parallel  position  or  in  rosettes;  c  faces  striated 
I  edge  c/d  and  other  forms  due  to  oscillatory  combination ;  also  in  cube-like 
rhombohedrons;  rhombohedral  faces  u  (10l4)  horizontally  striated  and  often 
rounded  over  in  convex  forms.  Also  columnar  to  granular^  botryoidal,  and 
stalactitic  shapes;  also  lamellar,  laminae  joined  parallel  to  c,  and  variously 
bent,  thick  or  thin;  also  granular,  friable  or  compact. 

Parting:  c,  due  to  lamellar  structure;  also  r,  caused  by  twinning.  Frac- 
ture Bubconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic  in  thin 
laminae;  soft  and  unctuous  in  some  loosely  adherent  scaly  varieties.  H.  = 
5*5-6 'S.  G.  =  4  9-6*3;  of  crystals  mostly  5'20-5*25;  of  some  compact  varieties, 
as  low  as  4*2.  Luster  metallic  and  occasionally  splendent;  sometimes  dull. 
Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood -red  by  trans- 
mitted light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown.  Opaque, 
except  when  in  very  thin  laminae. 

Vnr.  1.  Specultir,  Luster  metallic,  nnd  crystals  often  spleudent,  wlieuce  the  nume 
tpeeular  iron  (Glauzeiseuerz  Oerm ).  Whi-n  the  Htriicture  is  foliated  or  micaceous,  the 
ore  is  called  mietieeaua  hematite  (Eiscnglimmer  Gei'm.):  some  of  the  micaceous  varieties  are 
Bbft  and  unctuous  (Eisenrahm  Germ.).  Some  vmievies  are  magnetic,  but  probably  from 
admixed  magnetite  (Arts.  424,  426). 

2.  Campaet  columnar;  or  librous.  The  masses  often  lone  radiating;  luster  submetallic 
to  roetnllic;  color  brownish  red  to  iron-black.  Sometimes  ctuled  red  hematite,  to  contrast  it 
with  limoniie  and  turgite.    Often  in  reniform  masses  with  smooth  fracture,  called  kidney  ore. 

3.  JHed  Oeheroue.  Red  and  caithy.  Heddle  and  red  chalk  are  red  ochcr,  mixed  with 
more  or  less  cUy. 

4.  Clay  Iron-ttone ;  Arffillaceoue  hematite.  Hard,  brownish  black  to  reddish  brown, 
often  in  part  deep  red;  of  submetallic  to  unmetallic  luster;  and  affording,  like  all  the 
preceding,  a  red  streak.  It  consists  of  oxide  of  iron  with  clay  or  sand,  and  sometimes  other 
impurities. 

Comp. — Iron  sesquioxide,  Fe,0,  =  Oxygen  30,  iron  70  =  100.  Sometimes 
contains  titanium  and  magnesium,  and  is  thus  closely  related  to  ilmenite, 
p.  336. 


:.,  etc. — B.B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic;  with  borax  gives 
the  iron  reactions.  With  soda  on  charcoal  in  R.F.  is  reduced  to  a  graj  magnetic  metallic 
powder.    Soluble  in  concentrated  hydrochloric  acid. 

Diff. — Distinguished  from  maenetite  by  its  red  etretik,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water;  from  turgite  by  its  greater  hardness  nnd  by 
not  decrepitating  B.B.  It  is  h^trd  in  all  but  some  micaceous  varieties  (hence  easily 
distinguished  from  the  black  sulphides) ;  also  ivfunble,  and  B.B.  becomes  strongly 
ma.snetic. 

Obs. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to 
crystalline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes, 
as  at  Vesuvius.  Many  of  the  geological  formations  contain  the  argillaceous  variety  or  clay 
iron-stone,  which  is  mostly  a  marsh-formation,  or  a  deposit  over  the  bottom  of  shallow, 
stagnant  water;  but  this  kind  of  clay  ironstone  (tbnt  giving  a  red  powder)  is  less  common 
than  the  corresponding  variety  of  limonite.  The  beds  that  occur  in  metamorphic  rocks  are 
sometimes  of  very  great  thickness,  and,  like  those  of  m.'ignetite  in  the  same  situation,  have 
resulted  from  the  alteration  of  stratified  becis  of  ore,  originally  of  marsh  origin,  which  were 
formed  at  the  same  time  with  the  enclosing  n>cks.  and  underwent  metamorphism,  or  a 
change  to  the  crystalline  condition,  at  the  same  time. 

Beautiful  crystallizations  of  this  species  are  brought  from  the  island  of  E^ba.  which  has 
afforded  it  from  a  very  remote  period ;  the  surfaces  of  the  crystals  often  pres«  nt  an  iristd 
famish  and  brilliant  luster.  St.  Gk)thard  affords  beautiful  specimens,  composed  of  crys- 
tallized tables  i^uped  in  the  form  of  rosettes  (Eieenroeen):  near  Limoge**,  France,  in  large 
crystals;  flae  crystals  are  the  result  of  volcanic  action  at  Etna  nnd  Vesuvius.  Arendal  in 
Norway.  L4iigbftD  and  Nordmnrk  in  Sweden,  Framont  in  Lorraine,  Dauphin6.  Binnenthal 
and  TafMeb,  Bwltserland,  also  Cleator  Moor  in  Cumberland,  afford  splendid  specimens. 
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Red  hematite  occurs  iu  reniform  masses  of  a  fibrous  coDoentric  structure,  near  UlTerstone  in 
Lancashire,  in  Saxony,  Bohemia,  and  the  Harz. 

In  N,  America,  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  in  rocks  of 
tlic  Archaean  age,  as  in  the  upper  peninsula  of  Michigan,  in  the  Marquette  district,  also  iu 
Meuumiuee  county  and  west  of  Lake  Agogebic  in  Gogebic  county;  further  through  uortliem 
Wisconsin,  in  Florence,  Ashland  and  Dodge  Cos.,  and  in  Minnesota  near  Vermilion  lake, 
8t.  Louis  Co.;  in  Missouri,  at  the  Pilot  Knob  and  the  Iron  Mtn. 

In  New  York,  in  Oneida,  Herkimer,  Madison,  Wayne  Cos..  a  lenticular  argillaceous 
▼ar.,  constituting  one  or  two  beds  iu  the  Clinton  group  of  the  Upper  Silurian;  the  same  iu 
Penusvlvania,  and  as  far  south  as  Alubamu;  and  iu  Canada,  and  Wisconsin  to  the  west; 
in  Alubania  there  are  exteusive  beds;  prominent  mines  are  near  Birmingham.  Besides 
these  regions  of  enormous  beds,  there  are  numerous  others  of  workable  value,  either 
crystallized  or  argillaceous.  Some  of  these  localities,  interesting  for  their  specimens,  are 
in  northern  New  York,  at  Oouverneur,  Antwerp.  Hermon.  Edwards.  Fowler,  Canton, 
^etc. ;  WcKxistock  and  Aroostook.  Me.;  at  Hawley,  Mass.,  a  micaceous  variety;  in  North  and 
)l^uth  Carolina  a  micaceous  variety  iu  schistose  rocks,  constituting  the  so-called  apeeular 
9chUt,  or  itabiriU. 

Named  hemcUiU  from  atfia,  blood. 

Martite.  Iron  sesfjuioxide  under  an  isometric  form,  occurring  in  octahedrons  or 
dodecahedrons  like  magueiite,  and  believed  to  be  pseudoniorphous  after  magne  itc;  perha{iB 
in  part  also  after  pyrite.  Piiriiug  octahedral  like  magnetite.  Fracture  conchoidal.  H.  = 
6-7.  G.  =  4*8  (Brazil)  to  5*8  (Monroe).  Luster  submetallic.  Color  iron-black,  sometimes 
with  a  bronzed  tarnish.  Streak  reddish  brown  or  purplish  brown.  Not  magnetic,  or 
only  feebly  so.  The  crystals  are  sometimes  embedded  in  the  massive  sesquioxiife.  They 
are  distinguished  from  magnetite  bv  tlie  red  streak,  and  very  feeble,  if  tuiy,  action  on  the 
magnetic  needle.  Found  in  the  Marquette  iron  region  south  of  Lake  Superior,  where 
crystals  are  common  in  the  ore;  Monroe,  N.  Y. ;  Digby  Co.,  N.  S. ;  at  the  Cerro  de  Meroulo, 
Durango,  Mexico,  in  large  octahedrons;  in  the  schists  of  Minas  Geraes,  Brazil;  near  Kitters- 
grun.  Saxony. 


ILMBNITE  or  Menaccanite.    Titanic  Iron  Ore.    Titaneisen  Germ, 

Tri-rhombohedral;  Axis  6  =  1-3846. 

661.  662.  cr,   0001  A  lOll  =  57'  681'. 

rr\  101 1  A  1101  =  94*  2y. 
en,  0001  A  2243  =  61*  83*. 

Crystals      usually      tliiek 
tabulur;    also  acute  rliombo- 
hedral.     Often  in  thin  plates 
or    lamiuaB.     Massive,    com- 
pact; in  embedded  grains,  also  loose  as  sand. 

Fracture  conchoidal.  II.  =  5-C.  G.  =  4*5-5.  Luster  submetallic.  Color 
iron -black.  Streak  submetallic,  powder  black  to  brownish  red.  Opaque. 
Influences  slightly  the  magnetic  needle. 

Comp.,  Yar.— If  normal,  FeTiO,  or  FeO.TiO,  =  Oxygen  31-6,  titanium  31-6, 
iron  368  =  100  Sometimes  written  (Fe,Ti),0,,  but  probably  to  be  regarded  as 
an  iron  titanate.  Sometimes  also  contains  magnesium  {picroiifanite),  replacing 
the  ferrous  iron;  hence  the  general  formula  (Fe,Mg)O.TiO,  (Penfield). 

Pyr.,  etc.— B.B.  infusible  in  O.F..  nltliough  slightly  rounded  on  the  edires  in  R.P. 
With  borax  and  salt  of  phospliorus  reacts  for  iron  in  O.F.,  and  with  the  latter  flux  assumes 
a  more  or  less  intense  brownish  ri'd  color  in  R.F. :  this  Ireuted  with  tin  on  charcoal  changes 
to  a  violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral. 
heated  wi»h  hvdrocliloric  acid,  is  slowly  ilissolved  to  a  yellow  solution,  which,  filtered  from 
the  un<l ('Composed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  bisulphale  of  sodium  or  potassium. 

Diff.— Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak;  not  magnetic 
like  magnetite. 

Obe.— Occurs,  as  an  accessory  component,  in  many  igneous  rocks  in  grains,  mssuming 


OXIDES.  337 

the  place  of  magnetite,  especially  in  gabbros  aud  diorites.  In  these  occurrences,  it  is  of  (en 
found  in  veins  or  large  segregated  masses  near  the  borders  of  the  igneous  rock  where  it  is 
supposed  to  have  formed  by  local  differentiutiou  or  fractional  crystnllization  iu  the  molten 
miiss.  Some  principal  European  iociilities  are  St.  Cristophe,  Dauphiue  (var.  crichUmiU)\ 
Miaak  iu  the  Ilmen  Mt&  {%lmeniU)\  in  the  form  of  sand  at  Meuaccuu,  Cornwall  {menaccan- 
ile)\  Gasteiu  iu  Tyrol  {kihdelophane)\  Iserwiese  (iserine).  One  of  the  most  remaikuble  is  at 
KnigerO,  Norway,  where  it  occurs  in  veins  or  beds  iu  diorite,  which  sometimes  nfforti  crystals 
weighing  over  16  pounds.  Others  are  Egersund,  Arendal,  Snarum  in  Norway;  3t. 
GoUiard.  etc. 

Fiue  crystals,  sometimes  an  inch  iu  diameter,  occur  in  Warwick,  Amilv,  nnd  Monroe, 
Oniage  Co.,  N.  Y.;  Litchfield,  Conn.  (toashingtoniU:).  Vast  deposits  or  beds  of  tiinnic  ore 
occur  at  Bay  St.  Paul  in  Quebec,  Canada,  in  syenite;  also  in  the  Seignory  of  St.  Francis, 
Beauce  Co.    Grains  are  found  in  the  gold  sand  of  California. 

The  titanic  iron  of  massive  rocks  is  extensively  altered  to  a  dull  wliite  opaque  subst:mce. 
called  Uucoxene  by  GUmbel.     This  for  the  most  part  is  to  be  identified  with  litaniie. 

P3nrophanite.  Manganese  titanate,  MnTiOa.  In  thin  tabular  ihombohedral  crystals 
and  scales,  near  ilmenite  in  form  (p.  332).  H.  =  5.  G.  =  4*537.  Luster  vitreous  to  sub- 
metallic.  Color  deep  blood-red.  Streak  ocher-yellow.  From  the  Harstig  mine.  Pajsberg. 
Sweden. 


III.    Intermediate  Oxides. 


The  species  here  included  are  retained  among  the  oxides,  althoagh 
chemically  considered  they  are  properly  oxygen-salts,  aluminates,  ferrates, 
manganates,  etc.,  and  hence  in  a  strict  classification  to  be  placed  in  section  5 
of  the  Oxygen-sidts.    The  one  well-characterized  group  is  the  Spinel  Group. 
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Spinel  Group.     RE,0^  or  RO.E,0,.    Isometric. 

Spinel  MgO.Al,0. 

Ceylonite  (Mg,Fe)0.A1.0. 

Chlorospinel  MgO.  (Al,Fe),0, 

Picotite  (Mg,Fe)0.(Al,Cr),0, 

Hercynite  FeO.Al,0, 

Oahnite     (Automolite)  ZnO.Al.O, 

Dysluite  (Zn,Fe,Mn)0.(Al,Fe).0, 

Kreittonite  (Zn,Fe,Mg)0.(Al,Fe),0, 

Magnetite  FeO.Fe,0, 

(Fe,Mg)O.Fe,0. 

Xag^efioferrite  MgO.Fe,0, 

Franklinite  (Fe,Zn,Mn)0.(Fe,Mn).0. 

Jaoobsite  (Mn,Mg)0.(Fe,Mn),0, 

Chromite  FeO.Cr,0, 

(Fe,Mg)0.(Cr,Fe),0. 

The  species  of  Spinel  Group  are  characterized  by  isometric  crystallization, 
and,  further,  the  octahedron  is  tnroughout  the  common  form.  All  of  the  species 
are  hard;  those  with  nnmetallic  luster  up  to  7*5-8,  the  others  from  5*5  to  6*5. 
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Isometric*    Usually  in  octahedrons,  rarely  cubic.      Twins:    tw.-pl.  and 

comp.-face  o  common  (Fig.  663),  hence 
^^^*  ^^  often    called    spinel-twins;   also   re- 

peated and  polysynthetic,  producing 
tw.  lamellsB. 

Cleavage:  o  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =8.  G.  = 
3'5-4'l.  Luster  vitreous;  splendent 
to  nearly  dull.  Color  red  of  various 
shades,  passing  into  blue,  green,  yellow, 
brown  and  black;  occasionally  almost 
white.  Streak  white.  Transparent  to 
nearly  opaque.    Refractive  index:  Wy  —  1*7155  Na,  Dx. 

€oinp.,  tar, — Magnesium  aluminate,  MgAl,0^  or  MgO.Al,0,  =  Alumina 
71*8,  magnesia  28*2  =-  100.  The  magnesium  may  be  in  part  replaced  by 
ferrous  iron  or  manganese,  and  the  aluminium  by  ferric  iron  and  chromium. 

Var. — Ruby  Spinbl  or  Magnesia  Spinel, — Clear  red  or  reddish;  traosparjDt  to  trans- 
hiccnt;  sometimes  subtrausluceDt.  G.  =  3*63-3*71.  Composition  normal,  with  little  or  no 
iron,  and  sometimes  chromium  oxide  to  which  the  |red  color  has  been  ascribed.  The 
varieties  are:  (a)  SpifielRuby,  deep  red;  {h)  BaUu-Ruoy,  rose-red;  {c)  BubieeUe,  yellow  or 
orange  red;  (a)  Almandine,  violet. 

Ceylonite  or  Fleonaste,  Iron-Magnesia  Spinel. — Color  dark  green,  brown  to  black, 
mostly  opaque  or  uearlv  so;  G.  =  3*5-3*6.  Contains  iron  replacing  the  magnesium  and 
perhaps  also  the  aluminium,  hence  the  formula  (Mg,Fe)0.  AUOs  or  ^Mg,Fe)0.(Al,Fe)s08. 

Chlobospinkl  or  Magnesia-Iron  Spinel. — Color  grass  green,  owmg  to  the  presence  of 
copper;  G.  =  3*591-3*594.     Contains  iron  replacing  the  aluminium,  MgO.(Al,Fe)iOs. 

FicoTiTE  or  Chrome- Spinel. — Contains  chromium  and  also  has  the  magnesium  largely 
replaced  by  iron,  (Mg,Fe)0.(Al,Cr)iO«,  hence  lying  between  spinel  proper  and  chromite. 
G.  =  4*08.    Color  dark  yellowisli  brown  or  greenish  brown.    Translucent  to  nearly  opaque. 

Pyr  ,  etc. — B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green 
on  cooling.  Black  varieties  give  reactions  for  iron  with  the  fluxes.  Soluble  with  difiiculty 
in  concentraled  sulphuric  acid.     Decomposed  by  fusion  with  potassium  bisulphate. 

Diff.— Distinguished  by  its  octahedral  form,  hardness,  and  infusibilitv;  zircon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  383)  is  harder  and  is  distinguished  optically; 
garnet  is  softer  and  fusible. 

Obs— Spinel  occurs  embedded  in  granular  limestone,  and  ^  1th  calcite  in  serpentine, 
gneiss,  and  allied  rocks.  Ruby  spinel  Is  a  common  associate  of  the  true  ruby.  Common 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite)  occurs  as  an 
accessory  constituent  in  many  basic  igneous  rocks,  especially  those  of  the  peridotite  group ; 
it  is  the  result  of  the  crystallization  of  a  magma  very  low  in  silica,  high  in  magnesia  and  con- 
taining alumina:  since,  as  in  many  of  the  peridotites  alkalies  are  absent,  feldspars  cannot 
form,  and  the  AUOs  and  Cr,Oi  (also  FcaO.  perhaps)  are  compelled  to  form  spinel  (or  corun- 
dum).    The  serpentines  which  yield  spinel  are  altered  peridotites. 

In  Ceylon,  in  Siam,  and  other  eastern  countries,  occurs  of  beautiful  colors,  as  rolled 
pebbles;  in  upper  Burma  with  the  ruby  (cf.  p.  834).  Pleonaste  is  found  at  Candy,  in 
Ceylon;  at  Aker,  in  Sweden,  a  pale  blue  and  pearl  gray  variety  in  limestone:  small  black 
snleiident  cnrstals  occur  in  the  ancient  ejected  masses  of  Monte  Somma;  also  at  Pargas, 
Finland,  with  chondrodite,  etc  ;  in  compact  gehlenite  at  Monzoni,  in  the  Passa  valley. 

From  Amity,  N.  Y.,  to  Andover.  N.  J.,  a  distance  of  about  80  miles,  is  a  region  of 
gnmular  limestone  and  serpentine,  in  which  localities  of  spinel  abound;  colors,  green, 
hiacii.  brown,  and  less  commonly  red,  alon(^  with  chonarodite  and  other  minerals. 
Localities  are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall:  Gouvemeur. 
2  m.  N.  and  f  m.  W.  of  Somerville,  St.  Lawrence  Co.;  green,  blue,  and  occasionally  red 
varieties  occur  at  Bolton,  Boxborough.  etc..  Ma.<«.  Franklin,  N.  J.,  affords  crystals  of 
various  shades  of  black,  blue,  green,  and  red;  Newton,  Sterling.  Sparta,  Hambui^^h  and 
Vernon,  N.  J.,  are  other  localities.    With  the  corundum  of  rTorth  Carolina,  as  at  the 
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Ciilsagee  mine,  near  PiAiikliD,  Hacon  Co.;  similarly  nt  Dudleyrilte,  AiabaniH.  Spiuei 
ruby  nt  Gold  BluB,  Huniboldi  Co.,  Cal. 

tiiiod  black  ipinel  iefouud  m  Burgess,  Oiitnrfo;  n  bluish  spinel  bafiu^  a  rougli  cubic  fmni 
occurs  at  Wakeflolil,  Ottawa  Co.;  blue  wiLli  cliuWuitu  al  Uiiillebout,  JolietUt  Co..  Quebec. 

Haroynlte.  Iron  5  pin  si,  FeAliO,.  iBomeliic;  mswiTe,  llDe  graDulur.  H.  =  7'5-8. 
U.  =  Jil-9  65.  Color  black.  Frum  Rousberg,  at  ilie  eaaieru  font  of  tbe  BOhuierwalJ. 
A  relnted  Iron-aliimina  spiiiel,  wiib  about  S  p.  c.  MgO.  occui-s  wilh  niaguelltc  aud  coruudum 
ia  Cortlaadt  townsMp,  Wesicbesier  Co..  N.  Y. 

aAHNTTB.     Zinc-Spiuei. 

Isometric.  Habit  oct^lie<iral,  often  witn  faces  striated  Q  edge  d/o;  also 
less  commonly  in  dodecahedron  a  and  modified  cubes.     Twins;  tw.-pl.  o. 

Cleavage:  o  indistinct.  Fracture  conclioidal  to  uneven.  Hrittle.  H.  = 
7'5-8.  G.  =  4 '0-4 '6.  Luster  vitreous,  or  sonie what  greasy.  Color  dark  green, 
grayish  green,  deep  leek-green,  greenish  black,  bluish  black,  yellovish,  or 
grayish  brown;  streak  grayish.     Subtransparent  to  nearly  opaque. 

Comp.,  Tar.— Zinc  alumiiiato,  ZuAl,0,  =  Alumina  65'7,  zinc  oxide  44-3  = 
100.  The  zinc  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iron. 

Var.— Aftoholite,  or  Zine  OiiAni(e.—ZuAI,0.,  nilbsouielimea  a  little  irou.  G.  =  41- 
4-6.     Coliira  aa  itbove  giveo. 

DvBLOiTK.  or  Zinc- Manganett- Iron  Oo/mfle,— (Zu,Fe,Mu)0  (AI.Fc)iO,,  Color  yellow- 
tail  brown  or  grayisb  brown.     G.  =  4-4  B. 

Kreittonite.  or  Zi'te  Imn  Uu/inito.— (ZnFe.Mc)0  (Al,Fcl,0,.  In  crysltils.  and. 
granular  maaaive.  H  =7-8.  G.  =  4-48-1S9.  Cofor  vi-lvi-l-black  to  grccuisii  black; 
powder  graylsli  green.     Upnquc. 

Pyr.,  eto. — Gives  a  coaling  of  Kiiic  oxide  wben  treated  wilh  a  mixture  of  borax  and 
toda  on  cbarcoiih  olberwlse  like  spinel. 

Ob*.— Occurs  in  talcoae  scbin  at  Fahin  Swcdi  n  (iiutomotilr):  at  Tiriola,  Ciiliibria;  at 
Bodenmaia,  Bnvurin  (JtreilhiniU);  Minia  Genie*.  Bnzil.  It)  tbu  U.  S.,at  Fniiiklin  Fiimnce, 
N.  J.,  witb  franklinite  and  wlllemlie:  als"  at  Sterling  Hill,  N.  J.  ^d/zitiiite);  with  pyrlle  at 
Itowe.  Muu. ;  at  a  feldxpnr  quarry  in  Deliiwarc  Co.,  Peiiti.;  sparingly  nt  Ibe  Deake  mica 
inlue,  Mitchell  Co.,  N.  C;  at  the  Cimtou  Mina,  Georg  a;  with  galeiiii,  cbalcopyriie,  pyrite 
at  tbe  Cotiipaii  tniac.  CbnSee  Co.,  Colo. 

Named  after  the  Swedish  cbeinist  Gabn.  The  name  AiitonmliU.  nf  EktberR,  ia  from 
aiirouakoi.  n  OMtrter,  alluding  to  ilie  fuel  of  the  zinc  occurring  in  an  unexpected  jilace. 


Hugnelic  Iron  Ore.     Magncteisenstein,  Hagncleisener7.. 
Isometric.     Most  commonly  in  octahedrons,  also  in  dodecahedrons  with 
faces  striated  |  edge  (//o  from  oscillatory  combination;  in  dendrites  between 
MS.  667.  668. 


plates  of   mios;    oryBtals  sometimes   highly  modified;     cubic   forms  rare. 
Tvini:   tw.-pl.  o,  aometimes   as  polysyuthetic  twinning  lamence,  producing 
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striations  on  an  octahedral  face  and  often  a  pseudo-cleavage  (Fig.  456,  p.  13G). 
Massive  with  laminated  structure;  granular,  coarse  or  fine;  impalpable. 

Cleavage  not  distinct ;  parting  octahedral,  often  highly  developeil. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  5*5-6*5.  6.  =  5*168-5"180 
crystals.  Luster  metallic  and  splendent  to  submetallic  and  rather  dull.  Color 
iron-black.  Streak  black.  Opaque,  but  in  thin  dendrites  in  mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic;  sometimes  possess- 
ing polarity  (lodestone). 

II     Ul 

€omp.,  Var, — FeFe,0^  or  FeO.Fe,0,  =  Iron  sesquioxide  69'0,  iron  protoxide 
3rO  —  100;  or.  Oxygen  276,  iron  72  4  =  100.  The  ferrous  iron  sometimes 
replaced  by  magnesium,  and  rarely  nickel;  also  sometimes  contains  titanium 
(up  to  G  p.  c.  TiOJ. 

Var. — Ordimiry. — {a)  In  cr}'8tals.  (h)  Massive,  with  pseudo-cleavnge,  also  graiiulnr. 
coarse  or  fine,  (c)  As  loose  sand,  {d)  Ocberous:  a  black  eartliy  kiud.  Ordiuary  tungoeiiie 
is  altnicted  by  a  ma^uet  but  has  no  power  of  attractiDg  panicles  of  iron  iiself.  Tbe  property 
of  polarity  wiiich  distinguisbes  the  lodestone  (less  properly  writteu  loadstone)  i<i  exceptional. 

Magiuiinn.  Talk-Eiseuerz. — G.  =  4*4l-4'42;  luster  submetallic;  weak  magnetic;  in 
crystals  from  Sparta,  N.  J.,  and  elsewhere. 

"  Manganesinn. — Containing  3*8  to  6  3  p.   c.   manganese  (ManganmagneUU).      From 
Vester  Silfberg,  Sweden. 

Pyr.,  etc. — B  B.  very  difficultly  fusible.  In  OF.  loses  its  influence  on  the  mngnct. 
Willi  the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Di£f. — Distinguished  from  other  members  of  tbe  spinel  grou|>,  as  also  from  garnet,  by  its 
being  attracted  by  tbe  magnet,  as  well  ns  by  its  higli  specific  gravity;  frankliniteand  chromite 
are  only  feebly  magnetic  (if  at  all),  and  have  a  brown  or  blackish-brown  streak;  also,  when 
massive,  by  its  black  streak  from  hematite  and  linionite;  much  harder  than  tetrnhetirite. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  meta- 
morphic  nx^ks,  tliough  widely  distributed  also  in  grains  in  eruptive  rocks.  In  the  Archienn 
rocks  the  beds  are  of  immense  extent,  and  occur  under  the  same  conditions  ns  those  of 
lu^matite.  It  is  an  ingredient  in  most  of  the  massive  variety  of  corundum  called  emery. 
The  earthy  magnetite  is  found  in  bogs  like  bog-iron  ore.  Occurs  in  meteorites,  and  forms 
the  crust  of  meteoric  irons. 

Present  in  dendrite-like  forms  in  tbe  mica  of  ninny  localities  following  the  direction  of 
the  lines  of  the  percussion-figure,  and  perhaps  of  secondary  oiijrin.  A  common  alteration- 
product  of  mincntls  containing  iron  protoxide,  e.g,,  present  in  veins  in  the  serpi-nline 
resulting  from  altered  chrysf>lite. 

The  beds  of  ore  at  Arendal,  Norway,  and  nearly  all  the  celebrated  in)n  mines  of 
Sweden,  consist  of  massive  magnetite,  ns  n't  Dnnnomora  and  the  Tftberg  in  Sm&'aud.  Falun, 
in  Sweden,  and  Corsica.  alTora  octJihedral  crystals,  embedded  in  chlorite  slate.  S|>lendid 
dodecahedral  crystals  occur  at  Nordmark  in  Wermland.  The  most  powerful  native 
m.i<:nets  are  found  in  Siberia,  and  in  the  Harz;  they  are  also  obtained  on  the  island  of 
Elba.  Other  h  cnlities  for  the  crystallized  mineral  are  Travei-sella  in  Piedmont;  Achma- 
tovsk  in  the  Ural;  Scalotta,  near  Predazzo,  in  Tyrol,  also  Rothcnkopf  and  Wildkreuzjoch; 
the  Binnenlhal,  Switzerland. 

In  N.  America,  it  constitutes  vast  beds  in  the  Arcbsenn,  in  tbe  Adirondack  region, 
W:irren.  Essex,  and  Clinton  Cos  ,  in  Northern  N.  York,  while  in  St.  Lawrence  Co.  the  iron 
ore  is  mainly  hematite;  fine  crvstals  and  masses  showincj  broad  partin<r  surfaces  and  yield- 
ing  large  pseudo-crystals  tire  obtained  at  Port  Henry,  Essex  Co.:  similarly  in  New  Jersey: 
in  Canada,  in  Hnll,  Orenville.  Madoc,  etc. :  at  Cornwall  in  Pennsylvania,  and  Macnet 
Cove,  Arkansas.  It  orciurs  also  in  N.  York,  in  Saratoga,  Herkimer,  Omnpe.  and  Putnam 
Cos  :  at  t!ie  Tilly  Foster  iron  mine,  Brewster,  Putnam  Co.,  in  crystals  and  massive  accom- 
panied by  cliondrodite.  etc.  In  N.  Jersfy.  at  Hamburg,  near  Fnmklin  Furnace  and  else- 
where. In  Penti..  at  Goshen,  Chester  Co..  and  at  the  French  Creek  mines:  delineations 
forming  hexagonal  fiirures  in  mica  at  Pennsbnry.  Good  lodestones  are  obtained  at  Magnet 
C'ovii.  Arkansas.  In  Cnlifornia,  in  S-erra  Co  .  abundant,  massive,  and  in  crystals;  in 
Plumas  Co.;  and  elsewhere.     In  Washinirton,  in  large  deposits 

Named  from  the  loc.  Magnesia,,  Iwrderinc:  on  Macedonia.  But  Pliny  favors  Nicander*8 
derivation  from  Magnes.  who  flr<t  discovered  it,  as  the  fable  runs,  by  finding,  on  taking  his 
herds  to  pasture,  that  the  nails  of  his  shoes  and  the  iron  ferrule  of  his  sttff  adhered 
to  the  ground. 
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Isometric.  Habit  octahedral;  ed^es  often  rounded,  and  crystals  passing 
into  rounded  grains.     Massive,  granular,  coarse  or  fine  to  compact. 

Pseudo -cleavage,  or  parting,  octahedral,  as  in  magnetite.  Fracture  con- 
choidal  to  uneveu.  Brittle.  Jl.  =  5-5-6-5.  G.  =  507-5*22.  Luster  metallic, 
sometimes  dull.  Color  iron-black.  Streak  reddish  brown  or  black.  Opaque. 
Slightly  magnetic. 

Comp. — (Fe,Zn,Mn)0.(Fe,Mn),0„  but  varying  rather  widely  in  the  relative 
quantities  of  the  different  metals  present,  while  conforming  to  the  general 
formula  of  the  spinel  group. 

Pjrr.,  etc.— B.B.  infusible.  With  borax  iu  O.F.  gives  a  reddisli  amelliystine  bend 
(munguuese).  and  in  R.F.  ibis  becomes  bottle-green  (iron).  WitL>  soda  gives  a  bluisli  green 
mangiiuate,  and  ou  charcoal  a  faint  coating  of  zinc  oxide,  wbcch  is  much  more  mtirked 
when  a  mixture  with  borax  and  scniii  is  used.  Soluble  iu  hydrochloric  acid,  sometimes 
with  evolution  of  a  small  amount  of  chlorine. 

Diff.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a  dark 
brown  streak;  it  also  reacts  for  zinc  on  charcoal  B.B 

Obs.— Occurs  in  cubic  crystals  near  Eibach  in  Nassau;  in  amorphous  masses  at  Alien- 
berg,  near  Aix-la-Chapelle.  Abundant  at  Mine  Hill,  Franklin  Furnace,  N.  J.,  wiih  wilkm- 
ite  and  zinciie  in  granular  limestone;  also  at  Sterling  Hill,  two  miles  distant,  associated 
with  willemite. 

Magnesiofenite.  Magnoferrite.  MgFe04.  In  octahedrons.  H.  =  6-6*5.  O.  =  4*568- 
4*654.  Luster,  color,  and  streak  as  in  magnetite.  Strongly  magnetic.  Formed  about  the 
fumaroles  of  Vesuvius,  and  especially  those  of  the  eruption  of  1855. 

Jacobsite.  (Mn,Mg)0.(Fe.Mn)tOs.  Isometric:  in  distorted  octahedrons.  H.  =  6.  6.= 
4*75.  Color  deep  black.  Magnetic.  From  Jakobsberg,  in  Nordmark,  Wermland,  Sweden; 
also  at  L&ngban. 


Isometric.    In  octahedrons.    Commonly  massive;  fine  granular  to  compact. 

Fracture  uneven.  Brittle.  H.  =  5*5.  G.  =  4*32-4-57.  Luster  submetallic 
to  metallic.  Color  between  iron-black  and  brownish  black,  but  sometimes 
yellowish  red  in  very  thin  sections.  Streak  brown.  Translucent  to  opaque. 
Sometimes  feebly  magnetic. 

Comp. — FeCr,0^or  FeO,Cr,0,  =  Chromium  sesquioxide  68*0,  iron  protoxide 
320  =  100. 

The  iron  may  be  replaced  by  magnesium ;  also  the  chromium  by  aluminium 
and  ferric  iron.  The  varieties  containing  but  little  chromium  (up  to  10  p.  c.) 
are  hardly  more  than  varieties  of  spinel  and  are  classed  under  picotite,  p.  338. 

Pyr.,  etc. —B.B  in  O.F.  infusible;  in  R.F.  slithtly  rounded  on  the  edges,  and  becomes 
magnHic.  With  l>orax  and  salt  of  phosphorus  gives  beads  which,  while  hot,  show  only  a 
reaction  for  iron,  but  on  coolinc  become  chrome-green:  the  green  color  is  heightened  by 
fusion  on  charcoal  with  metallic  tin.  Not  acted  upon  by  acids,  but  decomposed  by  fusion 
with  potassium  or  sodium  bisulphate. 

Diff.— Distinjniished  from  magnetite  by  feebly  magnetic  properties,  streak  and  by  yield- 
ing the  reaction  for  chromic  acid  with  the  blowpipe. 

Oba.— Occurs  in  sorpentine.  forming  veins,  or  in  embedded  mns^es.  It  assists  in  giving 
the  variegated  color  to  verde-antiiiue  marble.  Not  imcommon  in  meteoric  irons,  sometimes 
in  nodules  as  in  the  Uoahuila  iron,  less  often  in  crystals  (Lodran). 

Occurs  In  the  Gulsen  mountnins,  near  Kraubai  in  Styria;  in  crystals  in  the  islands  of 
XJnsi  and  Fetlar,  in  Shetland:  in  tho  province  of  Trondhjeni  in  Norway:  in  the  Department 
du  Var  in  Prance;  in  Silesia  and  Bohemia;  abundant  in  Asia  Minor;  in  the  Eastern  and 
Wentern  Urals;  in  New  Caledonia,  alTording  ore  for  commerce. 

At  BflUirooTe,  Md.,  in  the  Bare  Hills,  in  veins  or  masses  in  serpentine:   also  in  Mont- 

mery  Co..  etc  In  Pennsylvania,  Chester  Co.,  near  Unionville,  abundant;  at  Wood's 
lue,  near  Texas,  Lancaster  Co.,  very  abundant    Massive  and  in  crystals  at  Hoboken,  N. 


HI 
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OHRTSOB&RTL.     Cymopliene. 
Orthorlionibic.    Axes  d:h:i  =  0-4701 : 
669.  670. 
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Twins:  tw.  pi.  p  (031),  both  contact- and  peuetnition-twins;  ofteu  repeated 

and  forming  pBeudo-liexagonal  cryatals  with  or  without  re-entrant  angles  (Fig. 
35T.  J).  Vi-l).  Crystals  generally  tabular  ||  a.  Fiice  a  striated  vertically,  iu 
twins  ji  featlier-like  striatiori  (Fig.  (170). 

Clcaviifit':  i  (M  1)  quite  liistinet;  h  imperfect;  a  more  so.  Fracture  uneven 
to  coiichoidal.  Brittle.  H.  ~  8*5.  fi.  -  3'r)-3-tt4.  Luster  vitreous.  Color 
asparagus- green,  grass-green,  emerulU-greoii,  greenish  white,  and  yellowish 
green;  greenish  brown;  yellow;  sometimes  raspberry-  or  coin m bine-red  by 
tratisniitted  light.  Streak  uncolorcd.  Transpiii-ont  to  translucent.  Some- 
limes  a  bluish  opalescence  or  chatoTanoy,  and  asteriatcd.  Pleochroic  vibra- 
tions II  li  {=  I)  oninge-vellow,  c  (=  f?)  emerald-green,  n  (=  <i)  columbine-red. 
Optically -i-.     Ax.  pi.  lift.     lUJ.-'.     ft  ^  VA^i.     3E  =  B4°  43'. 

Tar.   1.  Ordinary.— C'lliiv  pale  grti^u,  being  colored  Uj-  Iron ;  iilso  yellow  nnii  transpRrcQl 

3.  Aieraiidriu. — Color  ctiierali!-gre«ii.  but  colimibiiic-ml  by  Iriiusmiueil  lijiht;  vnliirti  na 
a  gi'Mi.  U.=  ;j  IU4,  rnviM  nf  rcsiills  Sii|>|>i«i'(l  In  lie  roliiii'il  liy  ihromiiini.  Crysliils 
ofliii  very  \t\Tgi:,  :iiiii  ill  iwlim,  IJkv  Fig.  !t57.  eitlii-r  nix^iddMl  or  six  ntynl, 

8,  V<>t'tfye.—K<A<iv  grtcDish  mid  i-xl]ibti{ii);ii  Ann  cliii1(i,v:iiit  cHei-i;  from  Ceylon. 
Comp.— Bervlliiim    ainminate.    BeAI.O.  or    BeO.AI,0,  =  Ahimina    80  2, 
gliiciriJi  I9'H  ='l00. 

Pyr.,  etc.— B.B.  uluiie  inialli-iwl;  with  soiiii.  Ilu-  surfiicr  k  men^lv  n>in)<Te<l  dull.  Wlih 
borix  oi  Riilt  of  i.li.,Hiilu)iiis  fuses  H-iili  (iiciil  fllfficnliv,  Willi  colitilt  soliilloo.  llic  powdi-red 
BliiiiTil  pivfH  u  blliisli  color.     Not  (ittiickerl  by  tielils 

Siff.— Di.'iiiigiiislieil  by  i<H  ixtri-mc  linnliiriH.  ftreaier  Ibnn  llml  of  topnz-  by  its  Infii'l- 
billly:  hIsji  clmnicterlKeil  by  Its  tabular  rryatnllixiilinii,  in  coiitriPt  with  lieryl. 

Obi,— III  Mina*  ticiaci,  Brazil,  and  also  In  Ccvloii.  in  ro11-il  pehbli-s;  lit  MarRclicndorf 
inMonivia.  In  lliel'ml,  ^'5  vei-sis  fnmi  EkateHiibiirf;,  in  iiiici  Blalewilb  l>crvl  nnri  pbonsHlr, 
" ■  ■■■  tlex-indrite;   In  ilie  Orouburg  dlstrtrt,  8.  Ui»t,  yellow;   In  ll'ie  Hourne  Sits.. 


11(1. 


.'.  S..  nt  Haildam.  Ci..  in  prnoilc  lniTer«iii|!  friifisx.  with  lourmnllnp  irnrnet, 
biryi;  iit  Giwiiiicid,  iienr  Sannopa.  N,  T..  witli  tmirmuHiic,  s"mct,  and  niMitile;  Norw>v, 
Ml'.,  ill  ^rniMJIc  niili  RiiriK'l;  al-o  iii  Slonelmm,  wiib  l]l>i>itilc.  etc. 

C/irj/.vilifrj/l  Is  from  jr/fiV'i?,  ffoUlfn,  /^l'/,)l'^X•^^,  htryl.  CamojiJi'tne.  from  KC'iin,  tMW, 
nnil  0,ij'ia9,  appear,  iillLidt-K  to  a  |>L-ciilliir  opalcMrencp  the  cr3-Hlals  RometlmeE  cxhlMt. 
AUt'imlrilf  U  after  Ilie  Czar  of  ItiiKtIa.  Alexanilcv  I. 

Haiumannlte.  MntO,  or  MtiO.MnOi.  In  letnifronul  ocliibedrona  nod  twins  (Fig.  876. 
p.  l'.'lji:nliiogriiiLilftrniBa«ive.  iwrliclCMBtroiiplyralii-reiit.  H.  =  B-l-S.  O.  =  4-866.  LuBler 
SubmelalUc.  Color  IhhwiiIbIi  l>liiik.  Streak  cbestnul-brown.  Oerurs  near  nmconn  Id 
Tburiugia:  Ilefcid  In  tlie  Ilari:  Pllipstad,  L&ngban,  Nordmark,  In  Bwedeo. 
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Mlirinm.  MeDoige  Germ.  PbaO^  or  2PbO.PbOs.  Pulverulent,  as  crystalline  scales. 
G^.  =  4*6.  Color  vivid  red,  mixed  with  yellow;  streak  orauge-yellow.  Occurs  at  Bleialf 
[q  the  Eifel;  Badenweiler  in  Baden,  etc. 

Orednmrito.  CusMn«0«  or  dCu0.2Mn,0s.  Foliated  crystalline.  H.  =  4*5.  G.  =  4'9> 
5  1.  Luster  metallic  Color  iron-black  to  steel-gray.  Streak  black,  brownish.  From 
Pried  richsrode. 

Psendobrookita.  Probably  Fe4(Ti04)s.  Usually  in  minute  orthorhombic  crystals, 
tabular  |  a  and  often  prismatic  \h.  G.  =  4 '4-4 '98.  Color  dark  brown  to  black.  Streak 
cx:her-yellow.  Found  with  hypiersthene  (szaboite)  in  cavities  of  the  andesite  of  Aranyer 
Berg,  Tniusylvania,  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at  Havreaal, 
Binile.  Norway,  embedded  in  kjerulfine  (wagnerite)  altered  to  apatite. 


BRAUNITB. 

Tetragonal.  Axis  6  =  0*9850.  Commonly  in  octahedrons,  nearly  isometrio 
in  angle  (pp'  =  70°  7').     Also  massive. 

Cleavage :  p  perfect.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6- 
6'5.  G.  =  4*75-4*82.  Luster  submetallic.  Color  dark  brownish  black  to  steel* 
gray.    Streak  same. 

Comp.— 3Mn,0,.MnSiO,  =  Silica  10*0,  manganese  protoxide  11*7,  man- 
ganese sesquioxide  78*3  =  100. 

Pyr..  etc. — B.B.  infusible.  With  borax  and  salt  of  phosphorus  gives  an  amethystine 
t>ead  in  O.F..  becoming  colorless  in  R.F.  With  soda  gives  a  bluish-green  bead.  Dissolves 
in  hydrochloric  acid  evolving  chlorine,  and  leaving  a  residue  of  gelatinous  or  flocculent  silica 
[Rg.).    Marceliue  gelatinizes  with  acids 

Obs. — Occurs  in  veins  traversing  porphyry,  at  Oehrcnstock,  near  Ilmenau;  near  Ilefeld 
in  the  Harz;  St.  Marcel  in  Piedmont;  at  Elba;  at  Botnedal.  Upper  Tellemark.  in  Norway; 
It  the  manganese  mines  of  Jnkobsberg,  Sweden,  also  at  L&nj?ban,  and  at  the  SjO  mine, 
G^rythyttan,  Orebro.     J(far^tn€(heterocline)  from  St.  Marcel,  Piedmont,  is  impure  braunite. 

Bizbyito.  Essentially  FeO.MnO,  In  binck  isometric  crystals.  H.  =  6-6.5.  G.  = 
1*945.    Occurs  with  topaz  in  cavities  in  rhyolite;  from  Utah. 


IV.  Dioxides.  RO,. 
Rntile  Group.     Tetragonal. 


Caniterite 

SnO, 

6 
0-6733 

BntUe 

TiO. 

i 
0-6442 

Polianite 

MnO, 

0-6647 

Plattnerite 

PbO, 

0-6764 

The  Buttle  Group  includes  the  dioxides  of  the  elements  tin,  manganese, 
itaniam,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
jeith  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
)f  twinning  there  is  much  similarity  between  the  two  best  known  species 
nclnded  here. 

With  the  Rntile  Gmup  is  also  Bometimes  included  Zircon.  ZrO,  SiOa;  h  =  0*6404. 
[n  this  work,  however.  Zircon  is  classed  among  the  silicates,  with  the  allied  species  Thorite, 
rhO,.8iO,.  i  =  0-6402. 

A  tetragODal  form,  approximating  closely  to  that  of  the  species  of  the  Rntile  Group, 
^loD^  also  to  a  number  of  other  species,  as  Sellaite,  MgFt;  Tapiolite,  Fe(Ta,Nb)iO«; 
Senatima,  TPO4,  etc. 

It  may  be  added  that  ZrOt,  as  the  species  Baddeleyite,  crystallizes  hi  the  monoclinic 
qrstem. 
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OABSITBRITB.    Tin-alone.  Tin  Ore.    Ziotuteln  Qerm. 
Tetragonal.     Axis  i  =  0-6723. 


,  101  A  Oil  =4B°28'. 
'.  101  A  101  =  67°  50*. 


u".  Ill  A  ill  = 


mi.  110  A  111  =  «'  8T. 
c^,  331  A  381  =  20°  G8l'. 
M'".  821  A  82l  =  81'  42*. 


Twins  common:  tw.  pi,  e,  both  contact-  and  penetration  twins  (Pig.  673, 
also  Fig.  373,  p.  134);  often  repeated.  Crystale  low  pyramidal;  also  prismatic 
aud  acutely  terminated.  Often  in  reniforni  ebapes,  structure  fibrons  divergent; 
also  massive,  granular  or  impalpable;  in  rolled  grains. 

Cleavii^e:  a  imperfect;  s(lll)  more  so;  m  hardly  distinct.  Fractnre 
Bubconchoidal  to  uneven  Brittle.  H.  =  6-7.  G.  =  6'8-71.  Luster  ada- 
mantine, and  crystals  usually  splendent  Color  brown  or  black;  sometimes 
red,  gray,  white,  or  yellow.  Streak  white,  grayish,  brownish.  Nearly  trans- 
parent to  opaque.     Optically  -f .     Indices:  co^  =  1'9866,  €,  =  2-0934. 

Var. — Oi-diiiary.  Tin  Blone.     In  ciysialsaiid  onoselve. 

WoodHn  (Holzjitniierz  Oerm.).     In  bolrvoidnl  nnd  rcniform  Fhspes,  conceulrlc  in  Etnic- 
ture,  and  ladiiiled  flbrous  Inlcrnnlly,  Hlthougli  very  compact,  vllb  tlie  color  bmwiiltli,  of 
mixed  sbndea.  looking  somewliiit  like  dry  vimA  Va  lis  t^loi-s.    Toa^t-eye  (in  U  the  nnie,  on 
K  Binnlkr  scnle.    Stream  tin  la  tlic  ore  iu  ihe  siiiie  of  sand,  as  it  occurs  along  the  bedii  of   . 
■treania  or  in  gmvcl. 

Comp.— Tin  dioiide,  SnO,  ~  Oxygen  21-4,  tin  78-6  =  100.  A  little  Ta,0, 
is  sometimes  present,  also  Fe,0,. 

Pyr..  eta. — B.B.  alonp  uiinUcrecl.  Ou  cbarcoiil  witb  Bode  reduced  to  melnlHc  tin.  and 
(cives  R  wblte  coalfrifr.  Wltb  Ihe  fluxes  sntnetlmes  gives  reactions  Tor  iron  and  maogaaese. 
Oulv  "lipbilv  noted  upon  tiy  adds. 

Dia.—ntRlinmil'ilied  by  lis  hljrli  specific  gravity,  liardness,  lufuBibillij,  nod  by  iU  jlctd- 
ing  melnlllo  tin  B  B  ;  reaemlilea  some  vHrieties  of  garnet,  pplialrrlle.  nod  binck  toaraialiiie. 
Si>eclfic  praviiy  {6  5)  liigber  Ibnn  that  of  rutlle  (t):  wolfraniile  Is  easily  fuElble, 

Oba. — Occnm  in  veins  traversing  grnnlle.  gneiss,  mica  scliist,  cliloritr  or  clay  achisl.  and 
porpliyry:  also  In  finely  relicniaied  veins  forming  tlie  oredepoails  called  KlockworkR.  or 
simply  Impregnating;  the  enclosing  rock,  Tlie  commonly  associated  minerals  are  qiiani, 
wiilfmmllP.  acbenlite;  nlso  mica,  topaz,  tonrmallne,  npatlle,  fluorile;  fiirtber  pyrile,  arseuu- 
pyrlte,  sphnlcrite;  molybdenite,  nallve  bismiitli.  etc. 

Formerly  very  abundant,  now  less  si>.  In  Cornwall,  In  line  cryataia,  and  also  as  vootf  fi'n 
and  ttream-Un  :  in  Devoitablre,  near  Tavistock  iind  elsewherv;  In  pseudomorplii  after 
feldspar  at  Wlienl  Coat«s.  near  8l.  Airnes.  Cornwall;  in  flnc  crystals,  ofleo  twins,  at 
Scblnekennald,  Granpen,  .Toscbimstbnl.  Zlanwald,  etc..  In  BobemlH.  and  at  Ebreafrieders- 
dorf.Altenberg,  etc..  In  Saiony;  at  LimugKaiu  splendid  crystaU;  Bweden.at  FInbo;  Finland, 
at  PitkSrnnta, 

In  the  E.  Indies,  on  the  Malay  peninsula  nf  Malncca  and  tbe  nelcliborlng  lalandi,  Banra, 
and  Bilitong  near  Borneo.  In  New  Soutb  Wslei  abundant  over  an  area  of  8000  K).  inilea. 
miso  In  Victoria,  QiieinBiand  and  Tasmanhu  Iu  Bolivia;  Hexico,  la  DnnDgo;  alio 
Ouaoajuato,  Zacatecaa,  Jalisco. 


flild  Ooslieo,  1 __..,... _ 

Co.,  wilh  wolframite,  elc.  In  Alabama,  iu  Cuoen  Co.  Iti  S.  Dakohi  ut;ur  Harney  IVak  nail 
near  dialer  CItj  lu  the  Black  Billa.  wliere  It  Las  been  uiloed.  In  Wy/nntng,  in  CrouL  Co. 
In  Monlana,  neiir  DilloQ.     In  Calff'omia.  lu  Sau  Bernardino  Co.,  at  Teniesint. 

FolUnlt«.  Hangnneee  tllonide,  HnOi,  In  cotnpnsilo  parallel  gruupinge  iif  minnle 
cryatnli;  also  rorming  llie  oiiitr  abell  of  crystals  having  ilip  form  of  miiiiRnnile.  H  =  H-8-5. 
Q.  :=  4'9U3. ,  Luster  metallic!.  Ciilor  llglit  Bleel-gray  or  Iroii-gniy.  Streak  blauk.  From 
Flatten,  Bobemia.  It  i»  dlsilnguiaLeil  from  pyrolusile  by  Its  tinrilness  nnd  its  aubyitrous 
clinracter.     Like  pyrolusile  it  is  often  a  pseudomorph  after  niaDganlte. 

BUTIXiB. 

TetragouaL    Alia  c  —  0-64415. 


K3>^ 


^ib^ 


/^".  8!0  A  310  =  86*  54'. 
e/,  101  A  Oil  =  46°  V. 
etf',    101  A  iOl  =  65°  Mi' 


»f",  111  A  ill  =84°  41/. 
It,  813  A  183  =  29°    6'. 

Twins:  tw.  pi.  (1)  e,  often  geniculated  (Fig.  676);  also  con tnct-t wins  of 
very  varied  habit,  sometimes  aiiliEga  and  eightlings  (Fig.  361,  p.  122;  Fig. 
37S,  p.  124).  (3)  V  (301)  rare,  con  tact- twin  a  (Fig.  377,  p.  Vij).  Cryatala 
commanlf  prismatic,  vertically  striated  or  furrowed;  often  slender  acicular. 
Occasionally  compact,  massive. 

Gleavage:  n  and  m  distinct;  s  in  traces.  Fracture  subconchoidal  to 
uneven.  Brittle.  H.  =  6-6-5,  G.  =4-18-4-25;  alsoto5'2.  Lnster  metallic- 
adamantine.  Color  reddish  brown,  passing  into  rod;  sometimeB  ycllowigb, 
bluish,  violet,  black,  rarely  grasa-green;  by  transmitted  light  deep  red. 
Streak  pale  brown.  Transparent  to  opaque.  Optically  +.  Refractive  indices 
high :  at,  =  2-6156,  e^  =  2-9029  for  Na.  Birefringence  very  high.  Sometimes 
abnormally  biaxial. 

Comp.,  Tar.— Titanium  dioxide,  TiO,  =  Oxygen  40-0,  titanium  600  =  100. 
A  little  iron  is  usually  present,  sometimes  up  to  10  p.  e. 

Vtir.— Ordinary.     Brownish  red  anil  ntlier  shndeo.  not  lilnck.     G.  =  418-4-2S.     Tmns- 

Birent  quartz  (lagtnite)  is  somellmes  penelraled  thickly  wllli  aclciilar  or  capillary  crysljils. 
ark  amoky  quartz  penetrated  witb  Ibc  acicular  nitllc  Is  the  FlSclies  d'nmniir  Fr.  |nr  Veiiiia 
bnlrwone).  Acicular  crystals  often  Implsnteil  In  parallel  position  on  labuliir  crystals  of 
hematite;  also  somewhat  similarly  on  inapnetlte, 

Verr^tTov*  (a)  Nigriaa  is  black  in  color,  whence  tlic  name:  conlnins  2  lo  S  p.  c.  of 
Pe.Oi  (b)  ItmtnpmtiU  Is  a  bl»ck  variety  from  the  Ilmen  His.,  coniaiulnir  up  to  10  p.  c. 
or  more  of  PctO,.    Q  =  B  07  -  .%18 

Pyr.,  oto.— B  B.  Infnslble.  Wilh  salt  of  phosphorus  gives  a  colorless  bead,  wbicb  In 
R.F.  nsaame*  a  violet  color  on  cooling  Most  varieties  conlaln  Iron,  am)  give  a  brownish- 
jellow  or  r«d  beid  in  R.F.,  the  violet  only  iippcariiiE  after  Ireatment  of  ihe  bead  with 
111.  .1- .. 1     inioluMe  la  acids;  made  soluble  by  fudon  witb  an  alkali  or 
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alkaline  cnrbonntc.  The  solutiou  cootaiDing  an  excess  of  acid,  with  the  addilioo  of  tin-foil, 
gives  H  beautiful  violet  color  when  concent rale<l. 

Diff— Cliarncterizcd  by  its  peciiHiir  Mib-iaiamautiue  luster  and  brownfsh-recl  color. 
Differs  fnuu  tourmaline,  vesuvianite,  augite  in  being  entirely  unaltered  when  heated  alone 
B  B.     Spccitic  gravity  about  4,  of  cassiterite  6  5. 

Obs.— Rutilc  occurs  in  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 

rnular  limestone  and  dolomite;  common,  as  a  secondary  product,  in  the  form  of  mlcrolites 
many  blatcs  It  is  generally  found  in  embedded  crystals,  often  in  masses  of  quartz  or 
feldspar,  and  frequently  in  acicular  crystals  penetniting  quartz;  also  in  phlogopite  (wh.  tiee). 
an<l  has  been  ol)serv^  in  diamond.  It  has  also  been  met  with  in  hematite  and  ilmenite. 
rarely  in  cbromite.    It  is  common  in  grains  or  fragments  in  manv  auriferous  sands. 

Prominent  localities  are:  Arendal  and  KragerO  in  Norway;  Horrsjdberg,  Sweden,  with 
lazulite  and  cyanite;  Saualpe,  Carinthia;  in  the  Urals;  in  Tyrol;  at  St.  Qotluud  andBinnen- 
thai,  Switzerland;  at  Yrieux,  near  Limoges  in  France;  atOhlapian  in  Transylvania,  nigrins 
in  pebbles;  in  Itrge  crystals  in  Perthshire,  Scotland;  in  Doueeal  Co.,  Ireland. 

In  Maine,  at  Warren.  In  Vermont,  at  Waterbury;  also  in  loose  bowlders  in  middle  and 
northern  Vermont,  acicular.  some  specimens  of  great  beauty  in  transparent  quartz.  In  Man., 
at  Barre,  in  gneitis;  at  Shelbtirne,  in  mica  slate.  In  N.  York,  in  Orange  Co.,  Edenville;  War- 
wick; E.  of  Amity.  In  Penn.,  at  Sudsbury,  Chester  Co.,  and  the  adjoining  district  in  Lan- 
caster Co.:  at  Parksburj^,  Concord,  West  Bradford,  and  Newlin,  Chester  Co.;  at  the  Poor 
House  quarry,  Chester  Co.  In  N.  Jersey,  at  Newton,  with  spinel.  In  N.  Car.,  at  Crowder*s 
Mount'iin;  at  Stony  Point,  Alexander  Co.,  in  .<iplendent  crystals.  In  Qe-orgia,  in  Habersham 
Co.;  in  Lincoln  Co.,  at  Graves'  Mountain,  witli  lazulite  in  large  and  splendent  crystals.  In 
Arkanaat,  at  Magnet  Cove,  commonly  in  twins,  with  brookite  and  perovskite.  also  as 
pnramorphs  after  brookite. 

Plattnerite.  Ijcad  dioxide,  PbOi.  Rarely  in  prismatic  crystals,  usually  massive. 
H.  =  0-5*5.  G.  =  8*5.  Luster  submet:illic.  Color  iron-black.  Streak  chestnut- brown. 
From  Leadhills  and  Wanlockhead,  Scotland.  Also  at  the  "As  You  Like"  mine,  Mullan, 
CoBur  d'Alene  Mts.,  Idaho. 

Baddeleyite.  Zirc(m  dioxide,  ZrOs.  In  tabular  monocliuic  crystals.  H.  =  6  5.  G.  = 
6*5-6  0.  Colorless  to  yellow,  brown  and  black.  From  Ceylon:  also  Jacupiranga,  Brazil 
(bra^iliie)  where  it  is  associated  with  tirkelite,  (Ca,Fe)0.2(Zr,Ti,Th)O,. 


Anatase. 
Tetragonal.     Axis  i  =  17771. 

677.  678.  Commonly  octahedral  in  habit, 

either  acute  {p,  111),  or  obtnse 
{Vy  117);  also  tabular,  c  predomi- 
nating; rarely  prismatic  crystals; 
frequently  highly  modified. 

ee",  101  A  Oil  =  76*  5'. 
e^\  101  A  101  =  121*  16'. 
pj/.  111  A  111=  83'  y. 
j>p".  111  Alii  =  136'8e'. 
ear',    113  A  113=    64"    1'. 

tif   117  A 117=  27"  ay. 

_^_  Cleavage:  can d  ;?  perfect.     Frac- 

ture snbconchoidiil.  Brittle.  H.  ==  55-6.  G.  =  3-82-3-95;  sometimes  4-11- 
416  after  heating.  Luster  adamantine  or  metallic-adamantine  Color  various 
shades  of  brown,  passing  into  indi^ifo-blue,  and  black;  greenish  yellow  by 
transmitted  light.  Streak  uncolored.  Transparent  to  nearly  opaque.  Opti- 
eally  — .  Birefringence  rather  high.  Indices:  a?y  =  2*554,  €y  =  2*493. 
Sometimes  abnormally  biaxial. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  60*0  =  100. 

Pyr.,  etc.— Same  as  for  rulile. 

Oba.— Most  abundant  at  Bourg  d'Oisans,  In  Dauphin6,  with  feldspar,  axlnlte.  and 
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ilmenite;  near  Hof  in  the  Fichtelgebirge;  Norway;  the  Urals;  in  chlorite  in  Devonshire, 
near  Tavistock;  with  brookite  at  Tremadoc.  in  iMortb  Wales;  in  Cornwall,  near  Lislieard 
and  at  Tintagel  Cliffs;  in  Brazil  in  quartz,  and  in  detached  crystals.  In  Switzerland  in  the 
Binnenthal  the  variety  wUerine,  long  supposed  to  be  xenoiime;  also  Cavradi,  Tavetsch; 
Rauris,  Salzburg,  in  tbe  Eastern  Alps ;  also  at  Pfitsch  Jocli. 

In  the  U.  States,  at  the  Dexter  lime  rock,  Smithfield,  li.  I.,  in  dolomite;  in  the  wash- 
ings at  Brindletown,  Burke  Co.,  N.  C,  in  transparent  tabular  crystals. 


Orthorhombic.    Axes  a:h:d  =  0*8416  :  1 :  0-9444. 

680.  681. 


682. 


m 


mm'''. 

110  A  lie  =  80*  W. 

tffl',  122  A  122  =  44*  28'. 

«'. 

112  A  112  =  53"  48'. 

««"'.  122  A  122  =  78*  ST. 

«"'. 

112  A  li2  =  44"  46'. 

me,  110  A  122  -  45*  42'. 

Only  in  crystals,  of  varied  habit. 

Cleavage:  i»  indistinct;  c  still  more  so.  Fracture  subconchoidal  to  un- 
even. Brittle.  H.  =  5*5-6.  G.  =  3*87-4 '08.  Luster  metallic-adamantine 
to  snbmetallic.  Color  hair-brown,  yellowish,  reddish,  reddish  brown,  and 
translucent;  also  brown  to  iron-black,  opaque.  Streak  uncolorcd  to  grayish 
or  yellowish.     Optical  characters,  see  p.  225. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  600  =  100. 

Pyr.— Same  as  for  rutile. 

Oba. — Occurs  at  Bourg  d'Oisnns  in  Dauphiue;  at  St.  Gotbnrd,  with  albite  and  quartz; 
Maderaner  Thai,  Switzerland:  in  the  Ural,  district  of  Zlatoust,  near  Miask,  and  in  the 
gold- washings  in  the  Sanarka  river  nod  elsewhere;  at  FronoleD,  near  Tremadoc,  Wales. 

In  the  U.  8.,  in  thick  black  crystals  (arkansite)  at  Magnet  Cove,  Ozaik  Mts.,  Arkansns, 
with  elieolke,  black  garner,  schorloroite.  rutile,  etc.;  in  small  crystals  from  the  gold- 
washings  of  North  Carolina;  at  tbe  lend  mine  at  Ellen vi He,  Ulster  Co.,  N.  T.,  on  quartz, 
with  clialcopvrite  and  galena;  at  Paris,  Maine. 

Named  after  the  English  mineralogist,  H.  J.  Brooke  (1T71-1857). 


PTROLUSITB. 

Orthorhombic,  but  perhaps  only  pseudomorphous.  Commonly  columnar, 
often  direr^rent;  also  granular  massive,  and  frequently  in  reniform  coats. 

Soft,  often  soiling  the  finders.  H.  =  2-2-5.  G.  =  4-73-4-86.  Luster 
metallic.  Color  iron-black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  blnish  black,  sometimes  snbmetallic.     Opaque. 

Comp. — Manganese  dioxide,  MnO,,  like  polianite  (p.  345).  Commonly 
contains  a  little  water  (2  p.  c),  it  having  had  usually  a  pseudomorphous 
origin  (after  manganite). 

It  is  uncertftio  whether  pyrolusite  is  an  Independent  species,  with  a  crystalline  form  of 
its  own,  or  only  a  secondary  mineral  derived  chiefly  from  tbe  dehydmtion  of  manganite; 
alio  from  pollaoite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  of 
mangaDlta  «rd  oommon. 
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Pyr.,  etc. — Like  poliauite,  but  most  varieties  yield  some  water  in  the  closed  tube. 

Diff — Hardness  less  tbau  tliat  of  psilomelaue.  Differs  from  iron  ores  in  its  reaotiou  for 
muniruDese  B.B.  Easily  distinguisbed  from  psilomelaDe  by  its  inferior  hardness,  and 
usually  by  beiug  cr^stalliue.     Its  streak  is  black;  that  of  mangauite  is  more  or  less  brown. 

Obs. — This  ore  is  extensively  worked  at  Elgersberg  near  Ilraeuau,  and  other  places  in 
Tbuiingiu;  at  Vorderebrensdorf  in  Moravia;  at  Flatten  in  Bohemia,  and  elsewhere:  near 
Johanugcorgenstadt;  at  H  rscbberg  in  Westphalia;  Matzka,  Transylvania;  in  Australia;  in 
Indi'i. 

Occurs  in  the  United  States  with  psilomelane,  abundantly  in  Vermont,  at  Brandon,  etc.; 
at  Pluiniield  and  West  Stockbridge,  Mass.;  Augusta  Co.,  Virginia:  Pope,  Pulaski,  Mont- 
gomery Cos..  Arkansas.  lu  New  Brunswick,  7  m.  fr.  Bathurst.  lu  Kova  Scotia,  at  Teny 
Cape;  at  Walton,  etc. 

The  name  is  from  nvp,  fire,  and  Xoveiv,  to  toaali,  because  used  to  discharge  the  brown 
and  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  le  savon  de  verriera. 


B.  Hydrous  Oxides. 

Among  the  hydrous   oxides  the  Diaspore  Group  is  well  characterized. 
Here  belong  the  hydrates  of  aluminium,  iron  and  manganese.     The  general 

formula  is  properly  written  RO(OH).  The  three  species  here  included  are 
orthorhombic  in  crystallization  with  related  angles  and  axial  ratios;  this  rela- 
tion is  deviated  from  by  manganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Brucite  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  AI(OH)„  and  Sassolite,  B(OH),,  are  also  related,  and  farther 
Hydrotalcite  and  Pyroaurite. 

Diaspore  Group.     RO(OH)  or  E,0,.H,0.     Orthorhombic. 

d ih  :  6  — 

a 

Diaspore  A1,0,.H,0  09372  :  1  :  0 6039  or  0-6443 

Gdthite  Fe,0,.H,0  0-9185  :  1  :  0-6068  or  0-6606 

Manganite  Mn,O..H,0  08441  :  1  :  0-5448  or  0-6463 

DIASPORB. 

Orthorhoi 


-mm" 


rthorhombic.  Axes:  d  :h  :  d  =  0*9372  :  1  :  0-6039.  Crystals  prismatic, 
'  =  86°  17';  usually  thin,  flattened  ||  b;  sometimes  acicular.  Also  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

Cleavage:  b  eminent;  h  (210)  less  perfect.  Fracture  conchoidal,  very 
brittle.  H.  =  6-5-7.  G.  =  3 '3-3 -5.  Luster  brilliant;  pearly  on  cleavage-face, 
elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray,  hair-brown, 
yellowish,  to  colorless.  Pleochroic.  Transparent  to  subtranslucent.  Optically 
+.  Birefringence  high.  Ax.  pi.  ||  b,  Bx  J_  a.  Dispersion  p  <v,  feeble. 
2H^y=  103°  53'.     /?=  1-722. 

Coinp.--AIO(OH)  or  A1,0,.H,0  =  Alumina  85-0,  water  15-0  =  100. 

Pyr.,  etc.— In  the  closed  tnl)e  usunlly  decrepitates  strongly,  separallnff  Into  white 
pcnrly  scales,  and  at  a  hiph  temperature  yields  water.  Infusible;  with  oobaJt  solution 
gives  a  deep  blue  color.  Not  attacked  by  acids,  bnt  after  ignition  soluble  in  sulphuric 
Hcid. 

Diflf— Distinguished  by  its  hardness  and  pearly  luster;  also  (B.B.)  by  its  decrepitation 
and  yielding  water;  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Obs.— Commonly  found  with  corundum  or  emery.  Occurs  near  Kossoibrod,  In  the 
-Ural;  at  Schemuitz,  Hungary;  with  corundum  in  dolomite  at  Campolongo,  T«i8iD,  in 
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SwltHTlind;  Orelaer  in  the  Zillertbal.  In  the  U.  B.,  with  corundum  and  margarlie  tX 
NewllD,  Cbeater  Co.,  Pa.;  at  ibe  emery  mines  of  Cliester,  Hua.;  In  OTitiu  in  maaalTe 
coniadum  at  tbe  Culwiree  mine,  near  Fraukllu,  Hscon  Co.,  N.  Carolina;  with  alunlte 
fomlDg  rock  nusses  at  Mt.  Robluson,  Roelta  HllU,  Colorado. 

Named  by  HaOf  from  Siaaxeipeiv,  (oteoftn-,  alludlog  to  the  utual  decrepitation  before 
Ibe  blowpipe. 


Orthorhombic.     Ajes  & : 


?;«!  =  0-9185: 1:0-6068. 


mm";  no  A  lIO  =  85°    8'.  p^.     111  A  ill  =  58'  SIS'. 

m",       Oil  A  Oil  =  63*  aC.  Ki"',  111  A  111  =  53"  iV. 

In  priems  vertically  striated,  and  often  flattened  into 
scales  or  tables  |  b.  Also  flbrons;  foliated  or  in  scales;  mas- 
sive, reniform  and  stalactitic,  with  concentric  and  radiated 
structnro. 

Cleavage :  b  Tery  perfect.  Fracture  uneven.  Brittle. 
E.  =  5-5-5.  G.  =  4-0-4-4.  Luster  imperfect  adamantiue. 
Color  yellowisfa,  reddish,  and  blackish  brown.  Often  blood- 
red  by  transmitted  light.  Streak  brownish  yellow  to  ocher- 
yellow. 

Var. — la  tbin  Kule-like  or  taliulsr  crystalg,  usually  nttacbcd  by 


edge.    Also  in 


Natdit-Ironttoae.    tt  paues  into  it  variety  witb  a  velvety  Burtace:  \,\io  PrtAramiU  (Bammat- 
bUndt)  of  Pribram  Is  of  this  lilnd.     Also  culumoar,  fibrous,  eic,  aa  above. 

Comp — FeO(OH)  or  Fe,0,.H,0  =  Oxygen  27-0,  iron  629,  water  lO'l  =  100, 
or  Iron  aeaqnioiide  89-9,  water  101  =  100. 

Pyr ,  etc. — In  the  closed  tube  gives  off  water  nod  is  converted  liilo  red  iron  setqui. 
oxide.  With  Ihe  fluxes  litce  heniallle:  most  Turlelies  give  a  man^nese  reaction,  and  some, 
treated  !□  tbe  forceps  in  O.F.,  after  mnlslenlng  in  milpbiirlc  arrd.  impart  a  blniab-green 
color  to  the  flame  (phoaphortc  acid).     Soluble  in  liydrocliloric  iicld. 

Dlff— Distinguished  from  bemalite  by  its  yellow  alresk;  from  llmonlte  by  crptalline 
nature:  It  also  contains  less  wuier  ilian  limonlte, 

Oba. — Found  witb  tlie  other  nxidea  of  Iron,  especially  hematite  or  Itmonite.  Ocean 
at  Biserfeld  near  Siegen.  <n  Nassau,  at  Clifton,  nenr  Brisio).  England;  in  Cornwall. 
In  the  U.  B.,  at  llie  Jarkson  Iron  mine,  Nufraiioee,  L.  Superior:  in  Conn.,  at  Bniisbury; 
in  Penn..  near  Enaton;  Inotbe  Pike's  Peiik  region.  Colorado.  Named  GSthiU  (Ooelhlle) 
after  Ihe  poet-pbllow>pber  Ooetlie  (1749-1882). 


MANOAHTTB. 

Orthorhombic.     Axes  S  : 


5  :^=  0-8441  : 1:0-5448. 

AA'".  410  A  4i0  =  28°  SV. 
mm'",  110  A  liO  =  80°  20*. 
ff',  205  A  §05  =  28'  57. 
w".  OH  A  Oil  =  57"  10". 
pl/.       111  A  111  =  09°    6i'. 


Crystals  commonly  prismatic,  the 
faces  deeply  striated  vertically;  often 
grouped  in  bundles.  Twins  :  tw.  pl. 
ti  (Oil),    Also  columnar;  stalactitic. 

Cleavage :  b  verv  perfect ;  m  per- 
H.  =  4.     G.  =  4-2-4-4.      Luster    snb- 


hmUUio.     Color  dark  steel-gray  to  iron-black.     Streak  reddish  brown,  some- 
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times  nearlyblack.    Opaque;  in  minute  splinters  sometimes  brown  by  trans* 
mitted  light. 

Comp. — MnO(OH)  or  Mn,0,.H  0  =  Oxygen  27*3,  manganese  62*4,  water 
lO'S  =  100,  or  Manganese  sesquioxide  89*7,  water  10*3  =  100. 

P3rr.,  etc. — lu  the  closed  tube  yields  water;  maDgunese  reoctioDS  with  the  fluxes,  p.  263. 

Obs. — Occurs  at  Ilefeld  iu  the  Harz;  llmeuau  in  Thurin^a;  Cornwall,  at  various 
places;  also  in  Cumberland,  etc.  In  the  L.  Superior  mining  region  at  the  Jackson  mine, 
Negaunee;  Devil's  Head,  Douglas  Co.,  Colorado.  In  Nova  Scotia,  at  Cheverie,  Hants  Co., 
and  Walton.    In  New  Brunswick,  at  Shepody  mountain,  Albert  Co.,  etc. 


UMONTTB.    Brown  Hematite.    Brauueisensteiu  Oerm. 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  mammillary 
forms,  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
and  occasionally  earthy. 

H.  =  5-5'5.  G.  =  3  6-4  0.  Luster  silky,  often  submetallic;  sometimes 
dull  and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-like 
exterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.     Opaque. 

Var.— (I)  Compact  Submetallic  to  silky  in  luster;  often  stalactitic,  botryoidal,  etc. 
(incl.  brauner  Glaskopf  Oerm),  (2)  Oelierous  or  earthy,  brownish  yellow  to  ocher-yellow, 
often  impure  from  the  presence  of  clny,  sand,  etc.  (3)  Bog  ore.  The  ore  from  marshy 
places,  generally  loose  or  porous  in  texture,  often  petrifying  leaves,  wood,  nuts,  etc. 
(4)  Bivwn  elay^ironstone,  in  compact  masses,  often  in  concretionary  nodules. 

Comp.— 2Fe,0,.3H,0  =  Oxygen  25-7,  iron  59*8,  water  14*5  =  100,  or  Iron 
sesquioxide  85*5,  water  14*5  =  100.  In  the  bog  ores  and  ochers,  sand,  clay, 
phosphates,  oxides  of  manganese,  and  humic  or  other  acids  of  organic  origin 
are  very  common  impurities. 

P3rr.,  etc.— Like  f2:5thite.  Some  varieties  leave  a  siliceous  skeleton  in  the  salt  of  phos- 
phorus bead,  and  a  siliceous  residue  when  dissolved  in  acids. 

Diff.— Distinguished  from  hematite  by  iU  yellowish  streak,  inferior  hardness,  and  Its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  turgite.  Not  crystallized  like  gOthite 
and  yields  more  water. 

Obs. — In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  containing  iron, 
through  exposure  to  moisture,  air,  and  cnrbouicor  organic  acids;  derived  largely  from  the 
change  of  pyrite.  magnetite,  siderite,  ferriferous  dolomite,  etc.;  also  various  species  (as 
mica,  pyroxene,  hornblende,  etc.).  which  contain  iron  in  the  ferrous  stite  (FeO^  It  con. 
sequently  occupies,  as  a  bog  ore,  marshy  places,  into  which  it  has  been  borne  by  streamlets 
from  the  hills  around.  It  is  often  associated  with  manganese  ores.  Umonite  is  a  common 
ore  in  Bavaria,  the  Hnrz.  Luxembourg.  Scotland.  Sweden,  etc. 

Abundant  in  the  United  States.  Extensive  beds  exist  nt  Salisbury  and  Kent,  Conn., 
also  in  the  neighboring  towns  of  New  York,  and  in  a  similar  situation  in  Berkshire  Co., 
Mass.,  and  in  Vermont;  in  Pennsylvania  widely  distributed;  also  in  Tennessee,  Alabama, 
Ohio,  etc. 

Named  LimoniU  from  Ae/yucwV,  meadow. 

TuROiTE.  Hydrohematite.  Fe4H,07  or  2Fe,0,.H,0.  Resembles  Hmonite  but  has  a 
red  streak.  G.  =  4-14-4 '6.  Decrepitates  B  B.  From  the  Turginsk  mine  in  the  Ural,  etc.; 
also  from  Salisbury,  Conn.     Intermediate  between  hematite  and  limonite. 

Zanthosiderite.  Gell)eiscnstein.  Fe909.2naO.  In  fine  needles  or  fibers,  stellate  an<l 
concentric:  also  as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated 
with  manganese  ores  at  Ilmenau,  etc. 

BAUXITB.    Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  o5Iitic;  and 
earthy,  clay-like.  G.  =  2  55.  Color  whitish,  grayish,  to  ocher-yellow,  brown, 
and  red. 
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Var.^l.  Id  concrelioDanr  grains,  oro61itic;  bauxite,  1  Clay-like,  toochsiniU;  the  purer 
kind  grayish.clay-like.contaiDlng  very  little  iron  oxide;  also  red  from  tlie  iron  oxide  present. 

Comp.— Essentially  A1,0,.2H  0  =  Alumina  73-9,  water  261  =  100;  some 
analyses,  however,  give  A1,0,.H,0  like  diaspore. 

Iron  sesquioxide  is  usually  present,  sometimes  in  large  amount,  in  part  replacing 
alumina,  iu  part  only  an  impurity.  Silica,  phosphoric  acid,  carbonic  acid,  lime,  maguesia 
are  common  impurities. 

Oba. — From  Baux  (or  Beaux),  near  Aries,  and  elsewhere  in  France,  disseminated  in 

f  rains  in  compact  limestone,  and  also  oOlitic.  Wocheiuiie  occurs  iu  Carniola,  between 
'eistritz  and  I/ike  Wochein.  The  purest  bauxite  is  used  for  the  manufacture  of  alumin- 
ium (aluminum),  and  is  called  alttminium  ore.  In  the  U.  8.,  bauxite  occurs  in  Saline  and 
Pulaski  Cos.,  Arkansas;  also  in  Cherokee  and  Calhoun  Cos.,  Alabama,  and  iu  Floyd, 
Barton  and  Walker  Cos.,  Georgia. 


Brucite  Group.     S(OH),.    Shombohedral. 
BRUOITII. 

Rhombohedral.     Axis  d  =  15208;  cr  =  60^  20^',  rr'  =  97°  37i'. 

Crystals  usaally  broad  tabular.  Also  commonly  foliated  massive;  fibrous, 
fibers  separable  and  elastic. 

H.  =  2-6.  G.  =  2'38-2'4.  Cleavage:  c  eminent.  Folia  separable  and 
flexible,  nearly  as  in  gypsum.  Sectile.  Luster  J  c  pearly,  elsewhere  waxy  to 
vitreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent  to 
translucent.     Optically  +•     Indices:  oo,  =  1*559,  €,=  1-5795. 

Comp.,  Yar. — Magnesium  hydrate,  Mg(OH),  or  MgO.H,0  =  Magnesia 
69*0,  water  31*0  =  100.     Iron  and  manganese  protoxide  are  sometimes  present. 

Var. — Ordinary,  occurring  in  plates,  white  to  pale  greenish  in  color;  strong  pearly 
luster  on  the  cleavage  surface.  Nemaliie  is  a  fibrous  variety  containing  4  to  5  p.  c.  iron 
protoxide,  with  G.  =  2*44  Nuttall.  Manganbrueiie  contains  manganese;  occurs  granular; 
color  honey-yellow  to  brownish  red. 

Pyr.,  etc.— In  the  closed  tube  gives  off  water,  becoming  opaque  and  friable,  sometimes 
turning  my  to  brown;  the  manganesian  variety  becomes  dark  brown.  B.B.  infusible, 
glows  wuh  a  bright  light,  and  tne  ignited  mineral  reacts  alkaline  to  test-paper.  With 
cobalt  solution  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is  soluble  in 
acids  without  eflEervescence. 

DUSL — Distinguished  by  its  infusibility,  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  talc  and  differs  in  its  solubility  in  acids;  the  magnesia  test  and  optical  characters 
separate  it  from  gy paum.  which  is  also  somewhat  softer. 

01mi.~ Accompanies  other  raagnesian  minerals  in  serpentine,  also  found  in  limestone.  At 
Swinaness  in  Unst.  Shetland  Isles;  at  the  iron  mine  of  Cogne,  Aosta,  Italy;  near  Filipstadt 
in  Sweden.  At  Hoboken,  N.  J,  in  serpentine;  at  the  Tilly  Foster  iron  mine.  Brewster, 
N.  Y.,  well  crystallized;  Richmond  Co.,  N.  Y.;  at  Wood's  mine,  Texas,  Pa.,  in  large 
plates  or  masses,  and  often  crystallizations  several  inches  across;  at  Low's  mine  with 
hydromagnesite.  Nemaliie,  the  fibrous  variety,  occurs  at  Hoboken.  and  at  Xettes  in  the 
Yosges.  Manganbrueite  occurs  with  bausmannite  and  other  manganese  minerals  in  the 
gniuular  limestone  of  Jakobsberg,  Nordmark,  Sweden. 

Named  after  the  early  American  mineralogist,  A.  Bruce  (1777-1818). 

Pyroohroito.  Manganese  hydrate,  Mn(OH),.  Usually  foliated,  like  brucite.  Luster 
pearly.  Color  white,  but  growing  dark  on  exposure.  Occurs  in  magnetite  at  Pajsberg, 
Sweden;  also  at  Nordmark;  and  at  Franklin  Furnace,  N.  J. 


QIBBSITB.    Hydrargillite. 

Monoclinia  Axes  A  :  i  : ».  =  1-7089  :  1  :  1-9184;  ft  =  85°  29'.  Crystals 
tabular  le,  hexagonal  in  aspect.  Occasionally  in  spheroidal  concretions. 
Also  stalaotitio^  or  small  mammillary,  incrusting,  with  smooth  snrface,  and 
often  a  fiunt  fibrous  structure  within. 

OleaTSge:  tf  eminent    Tough.    H.  =  2-5-3-5.   G.  =  2-3-2-4.    Color  white. 
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grayish,  greenish,  or  reddish  white.  Luster  of  c  pearly;  of  other  faces 
vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes  transparent 
in  crystals.     A  strong  argillaceous  odor  when  breathed  on. 

Com  p.— Aluminium  hydrate,  Al(OH),  or  A1,0,.3H,0  =  Alumina  65*4, 
water  34  6  =  100. 

P3rr.,  eto.~Ia  tbe  closed  tube  becomes  wbite  and  opaque,  and  yields  water.  B.B.  infus- 
ible, wbitciis,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  solution  gives  a 
deep  blue  color.    Soluble  in  concentrated  sulphuric  acid. 

Obs.— Tlie  crystallized  gibbsite  (hydrargillite)  occurs  in  the  Bhishimsk  mountains  near 
Zlatoust  in  the  Ural;  also  in  crystals  tilling  cavities  in  natrolite  in  the  Langesundfiord,  Nor- 
wny:  Ouro  Preto,  Minas  Geraes,  Brazil.  In  the  U.  8..  in  stalactitic  form  at  Richmond, 
Mass.,  in  ii  l)ed  of  limonite;  at  the  Clove  Mine,  Union  Vale,  Dutchess  Co,,  N.  Y.,  on  limo^ 
uite;  iu  Orange  Co.,  N.  Y. 

Niimed  after  Col.  George  Qibbs. 

Sasaolite.  Boric  acid,  B(OH)s.  Crystals  tabular  |  e  (triclinic).  Usually  small  white, 
pearly  scales.  G.  =  1  '48.  From  tbe  waters  of  the  Tuscan  lagoons  of  M<mte  Rotondo  and 
Castcltiuovo.  Exists  also  in  other  natural  waters,  as  ut  Clear  Lake,  in  Lake  Co.,  California. 
Occurs  also  abundantly  in  the  crater  of  Vulcauo,  Lipari  isles. 

Hydrotalcite.  Perhiii)s  Al(OII)s  8Mg(OH)a.3HflO.  Lamellar- massive,  or  foliated,  some- 
what fibrous.  H.  =2.  G.  =  2  04-2*09.  Color  while.  Luster  pearly.  Occurs  at  the  mines 
of  Sbishimsk,  district  of  Zlatoust,  Ural;  at  Snarum,  Norway,  in  serpentine  i/iydroiaieUe), 

P3rroaurite.  Pcrbnps  Fe(OH)s.3Mg(On)t.3HtO.  Occurs  at  the  LAngban  iron-mine, 
Wcrmland,  Sweden,  in  gold  like  submctallic  scales  (pyroaunte).  In  thin  seams  of  a  silvery 
white  color  in  serpentine  in  the  island  Haaf-Grunny,  Scotland  (iffeUirdmiU). 

Ohalcophanite.  Ilydrofranklinite.  (Mn,Zn)0.2MnOt.2HtO.  In  druses  of  minute 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  aspect.  Also  in  foliated  aggre- 
gates; stalactitic  and  plumose.  G.  =  3*907.  Luster  metallic,  brilliant.  Color  bluish  black 
to  in)n -black.  Streak  chocolate-brown,  dull.  Occurs  at  Sterling  HUl,  near  Ogdeusburg, 
Sussex  Co.,  N.  J. 

PSUiOMEIiANB. 

Massive  and  botryoidal ;  renilorm;  stalactitic.  H.  =  5-6.  G.  =  3'7-4-7. 
Luster  submetallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.     Opaque. 

Com  p. — A  hydrous  manganese  manganate  in  which  part  of  the  manganese 
is  often  replaced  by  barium  or  potassium,  perhaps  conforming  to  H^MuO . 
The  material  is  generally  very  impure,  and  the  composition  hence  doulitful.  * 

P3rr.,  etc.— In  tbe  closvd  tube  most  varieties  yield  water,  and  all  lose  oxygen  on 
ignition;  with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  with  evolu- 
tion of  chlorine. 

Obs— A  common  but  impure  ore  of  manganese;  frequently  in  alternating  layers  with 
pyrolusite.  From  Devonshire  and  Cornwall;  Ilefeld  in  the  Harz;  also  at  Ilmennu.  Siegen, 
etc.  Forms  mammillary  masses  at  Brandon,  etc.,  Vt.  In  Independence  Co..  and  else- 
where in  Arkansas.  With  pyrolusite  at  Douglas,  Hants  Co.,  Nova  Scotia.  Named  from 
t^fAr5?,  smooth  or  naked,  and  //Arr?,  black. 

The  following  mineral  substances  here  Included  are  mixtures  of  various  oxides,  chfeflv 
of  manganese  (MnO«.  also  MnO),  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  c. 
water.  These  are  results  of  the  decomposition  of  other  ores— partly  of  oxides  and  sul- 
phides, partly  of  mnnganesian  carbonates,  and  can  hardly  be  regarded  as  representing 
distinct  mineral  species. 

Wad.  In  amorphous  and  ronifnrm  masses,  either  earthy  or  compact;  also  incnisting 
or  as  stains.  Usually  very  soft,  soilinir  the  finjrers;  less  often  hard  to  H.  =6.  Q.  =  8*0- 
4-26;  often  loosely  aggregated,  and  feeling  very  light  to  the  hand.  Color  dull  black,  bluish 
or  brownish  black. 

Boo  Manganese  consists  mainly  of  oxide  of  manganese  and  water,  with  some  oxide  of 
iron,  and  often  silica,  alumina,  baryta 

AsBOLiTB,  or  Earthy  Cobalt,  contains  oxide  of  cobalt,  which  sometimes  amounts  to 
32  p.  c. 

liAicpADiTB,  or  Ouweaus  ManganeH,  is  a  wad  oontainiDg  4  to  18  p.  c  of  oxide  of 
oopper,  and  of te*^  '  cobalt  also. 
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YI.  Oxygen-salts. 

The  Sixth  Class  includes  the  salts  of  the  yarious  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
3.  Niobates  and  Tantalates;  4.  Phosphates^  Arsenates^  etc.;  also  the  Nitrates; 
5.  Borates  and  Uranates;  6.  Sulphates^  Chromates  and  Tellurates;  7.  Tung- 
states  and  Molybdates. 

1.  CARBONATES. 

A.  Anhydrous  Carbonates. 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  Calcite  Group  and  the  Aragonite  Group.  The  metallic  elements 
present  in  the  former  are  calcium^  magnesium,  iron,  manganese,  zinc  and 
cobalt;  in  the  latter^  they  are  calcium,  barium,  strontium  and  lead. 

The  species  included  are  as  follows: 

Calcite  Group.     RCO,.     Rhombohedral. 

rr'  6 

Caleite  CaCO,  74'^  55'    0*8543 

Dolomite  (Ca,Mg)CO,            Tri-rhombohedral     73M6'    0-8322 

Normal  Dolomite  CaCO,.MgCO. 

Ankerite  CaCO,.(Mg,Fe)CO,                                 73M8'    08332 

Ibgnesite  MgCO,                                                   72"  36'    0*8112 

Breunnerite  (Mg,Fe)CO, 

Medtlte  2MgC0,.FeC0,                                       72°  46'    0-8141 

Pistomesite  MgCO..FeCO,                                         72°  42'    0*8129 

Siderite  FeCO,                                                      73°    0'    08184 

Oligonite  (Fe,Mn)CO, 

Bhodoohrosite  MnCO,                                                    73''    0'    0*8184 

Manganosiderite  (Mn,Fe)CO, 

Manganocalcite  pt.  (Mn,Ca)CO, 

Smithtonite  ZuCO,                                                     72°  20'    0*8063 

Monheimite  (Zn,Fe)CO, 

8ph»rooobaltite  CoCO, 

This  list  gives  not  only  thd  promiueut  species  of  this  group,  but  also  some  of  tlie 
isomorrhous  intcrinediAte  compouuds. 

The  Calcite  Group  is  characterized  by  rhombohedral  crystallization.  All 
the  species  show,  when  distinctly  crystallized,  perfect  rhombohedral  cleavage, 
the  angle  varying  from  75°  (and'  105°)  in  calcite  to  73°  (and  107°)  in  siderite. 
This  is  exhibited  in  the  table  above. 

2.  Araironite  Gronp.    RCO,.    Orthorhombic. 

tww'"  &  I  0  I  d 

Aragonite  CaCO,  63°  48'  06224  i  1  *:  07206 

Bromlite  (Ca,Ba)CO. 

Wiiherite  BaCO,  62°  12'  0*6032  :  1  :  0*7302 

BtmitiAllito  SrCO.  62°  41'  06090 :  1  :  0*7239 

Comiite  PbCO,  62°  46'  0*6100  :  1  :  0*7230 
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The  species  oi  the  Aragokite  Group  crystallize  in  the  orthorbombic 
svateiD,  but  the  relation  to  those  of  the  Galcite  Group  it  made  more  close  bj 
tne  (act  that  the  prismatic  angle  varies  a  few  degrees  ooly  from  60°  (and  120°) 
and  the  twinned  forms  with  the  fandamental  prism  as  twiUDing-plsne  are 
pseudo-hexagonal  in  character. 


1.  Calclte  Group.     RCO,.     Rhombohedral. 
OAIiOITEI.    Kalkapklb  Otmt.    Calc  Bpar;  Cslcareoiu  Spar. 
Rhombohedral.    Axis  6  =  08543. 

686,  «SS.  690.  691. 


er."  0001  A  lOil  =    44'  86i'. 

«,  0001  A  oila  =  ae-  ly. 

me,  lOiO  A  0112=  63=45', 

tV,  lOil  A  ilOI  =  74'  5V. 

««•  0113  A  lOia  =  45°  ff, 

^(ei'.  Oa&4  A  5004  =  84'  83i'. 

jr,  0i2l  A  203I  =  101"  V. 

mm;  4041  a  4401  =  114°  10', 


V. .  ai8i  A  5811  =  75*  ay. 

W,  3l2l  A  8i5l  =  86'  aff. 

m".  Sl8l  A  I38i  =  4r  IJ', 

W.  BBSi  A  85§1  =  70*  MK. 

SV'.  8251  A  S58l  =  45*  «r. 

yjr'.  8861  A  88Si  =  »•  Uf. 

It'.  2i8i  A  tii*  =  wati'. 

wc\  8i4b  a  4i8a  =  ir  V. 


he  ■pherlcs)  projccifoa.  Fig.  US,  p.  TO. 
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Habit  of  crystals  very  varied,  aa  ehowii  in  the  figures,  from  obtuse  to  acute 
rhombobedral;  from  thin  tabular  to  long  prismatic;  aud  scalcnobedral  of 
many  types,  often  highly  modified. 

Twins  (see  Figa.  383-390,  p.  126) :  (1)  Tw.  pi.  c,  common,  the  crystala  having 
the  same  vertical  axis.  {2)  Tw.  pi.  e  (0ll2),  very  common,  the  vertical  axes 
inclined  127"  29^'  and  52°  SOj';  often  producing  706. 

twinning  lumellte  as  in  Iceland  Spar,  which  are, 
in  many  cases  of  secondary  origin  as  in  gran- 
ular limestones  (Fig,  705);  this  twinning  may 
be  produced  artificially  {see  p.  148).  (3)  Tw. 
pi.  r,  not  common;  the  vertical  axes  inclined 
90°  46'  and  89°  14'.  (4)  Tw.  pi.  /  (023l), 
rare;  the  axes  intersect  ut  angles  of  53°  46'  and 
126°  14'. 

Also  fibrous,  both  coarse  and  fine;  some- 
times lamellar;  often  granular;  from  coarse 
to  impalpable,  and  compact  to  earthy.  Also 
stalactitic,  tuberose,  nodnlar,  and  otlier  im- 
itative forms. 

Cleavage:  r  highly  perfect.  Parting  ||  e  (OlT2)  duo  to  twinning.  Fracture 
conchoidaf,  obtained  with  difBculty.  H.  —  3,  but  vitrying  with  the  direction 
on  the  cleavage  face;  earthy  kinds  softer.  G.  =  2  714,  in  pure  crystals,  but 
varying  somewhat  widely  in  impure  forms,  as  in  those  containing  iron,  man- 
ganese, etc.  Luster  vitreous  to  siibvitrcous  to  earthy.  Color  white  or  colorless; 
also  various  pale  shades  of  gray,  red,  green,  blue,  violet,  yellow;  also  brown  and 
blaclc  when  impure.     Streak  wliito  or  grayish.     Transparent  to  opaque. 

Optically—.  Birefringence  very  high.  Refractive  indices  for  the  D  tine: 
m=  1-65849,  e  =  1-48625. 

C«Bp.— Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44*0,  lime  56  0  =  100. 
Small  quantities  of  magnesium,  iron,  manganese,  zinc,  and  lead  may  be  present 
replacing  the  calcium. 

Vmt. — Tbe  varietlen  are  very  numerous,  and  iHverae  fu  appearance.  They  depeud 
maiiiiy  00  the  followiog  poiuls:  dISeretices  in  cryslallizalloQ  atid  structural  condition, 
presence  of  Impurities,  etc. ,  tlie  extreme!'  being  perluct  cryslikis  aud  eartliy  massive  forms; 
also  on  compoatlon  aa  affected  by  iaomorpbous  replaceuiuot. 

A.   Variktiks  BASED  CHIEFLT  UPON  Crtstallization  and  Accidental  Ikphbitiks. 

1.  (Miaary.  In  crjetals  and  clenvable  masses,  tlie  crysInU  Tsryin^'  ver;  widely  In  bubit 
aa  already  noted.  Dog-toolh  Spar  is  im  acute  scaleiiolieurnl  Form;  Naii-}itad  Spar,  a  cum- 
posile  variety  having  the  form  aiiggi'stcd  by  Ihu  immc.  The  traiispiireot  variety  from 
Icelnnd,  used  for  polarizing  prlBras,  etc.,  is  ciilltd  Iceland  8p-<r  or  Doubly-rffraeling  Spar 
(Dopiieispnth  Otrm.).  As  rezardsiuitor.  crystallized  en  Idle  varies  from  tlie  kinds  which  are 
perfcc'tly  clear  and  colorless  tbrougb  yellow,  pink,  purple,  hliii',  to  brown  and  btuck.  The 
color  Is  usually  pale  eioi-pt  as  paused  by  impurities.  These  impurities  miiy  be  pyritf. 
native  copper,  mnlncliite.  sand,  etc.:  tliey  are  snmeilin<-s  Hrmnf^ed  !□  symmetrical  form,  as 
de]>enilln^  upon  llie  growth  of  the  crysiali  and  hence  privdiice  many  variclies. 

Fontntnebteau  UmetUntt,  from  Fontaineblenu  and  Nemours,  France,  contains  a  large 
amniint  of  sand,  some  SO  to  BS  p.  c.     Slmiliir  forms  occur  at  other  localities. 

2.  FVirmu  and  lamttinr  kindt.  Satin  Spar  is  Snc  flbroiis,  wiili  n  silky  luster:  resembles 
tibrons  Eypenm,  alao  called  salin  S[)ar,  but  is  much  lianler  tlmn  gypsum  aud  effervesces 
with  acids. 

Argtntiitt  ta  n  pearl;  lamellar  calcite.  the  lamellee  more  or  less  undulating:  color  white. 
gnyisli,  yellowish.  Aphrilt,  In  its  harder  and  more  sparry  variety  (Sehitiinupalhi.  ii  n 
foliated  white  pewly  calclHi.  near  argentine:  In  its  softer  kinds  {Sehaumerde)  It  apprancbes 
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8.  Granular  rruunte  to  erpptocryiialline  kinds  :  Limntone,  Marble,  Chalk, 

Granular  limestone  or  Saceharaldal  limestone,  so  named  becauae  like  loaf  sugar  Id  frac- 
ture, varying  from  coarse  to  veiy  fine  granular,  and  hence  to  compact  limestone;  colors 
are  various,  as  white,  yellow,  reddish,  green;  usually  they  are  clouded  and  give  a  handsome 
effect  when  the  material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for 
arcbitectural  or  ornamental  use,  they  are  called  marbles.  Many  varieties  have  special 
names.  Shell-marble  cou^SaXs  largely  of  fossil  shells;  LumacheUe  or  flre^marble  is  a  dark 
brown  shell-marble,  with  brilliant  nre-like  or  chatoyant  internal  reflections.  Buin-marbU 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  polished,  flgures  bearing  some 
resemblance  to  fortifications,  temples,  etc..  in  ruins,  due  to  infiltration  of  iron  oxide,  etc 

LUhographie  stone  is  a  very  even-grained  compact  limestone,  of  buil  •r  drab  color;  as 
that  of  Solenhofen.  Hydraulic  limestone  is  an  impure  limestone  which  after  ignition  sets, 
i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicate.  The  French 
varieties  contain  2  or  3  p.  c.  of  magnesia,  and  10  to  20  of  silica  and  alumina  (or  clay).  The 
varieties  in  the  United  states  contain  20  to  40  p.  c.  of  magnesia,  and  12  to  80  p.  c.  of  silica 
and  alumina.  Hard  compact  limestone  varies  from  nearly  pure  white,  through  gravish, 
drab,  buff,  yellowish,  and  reddish  shades,  to  bluish  gray,  dark  brownish  gray,  and  black, 
and  sometimes  variously  veined.  Many  kinds  make  beautiful  marble  when  policed.  Red 
oxide  of  iron  produces  red  of  different  shades.  Shades  of  green  are  due  to  iron  protoxide, 
chromium  oxide,  iron  silicate. 

Chalk  is  white,  grayish  white,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  board. 
Calcareous  marl  is  a  soft  earthy  deposit,  with  or  without  dbtinct  fragments  of  shells;  it 
generally  contains  much  clay,  and  graduates  into  a  calcareous  clay. 

Oolite  is  a  granular  limestone,  its  grains  minute  concretions,  looking  somewhat  like  the 
roe  of  fish,  the  name  coming  from  cook,  egg.  Pisolite  (Erbsenstein)  consists  of  concretions 
as  large  often  as  a  small  pea,  or  larger,  having  usually  a  distinct  concentric  structure. 

Deposited  from  calcareous  springs,  streams,  or  in  cawms,  etc.  (a)  Stalactites  are  cal' 
cnrcous  cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are 
formed  from  the  waters  that  drip  through  the  roof;  these  waters  hold  some  odcium 
bicarbonate  in  solution,  and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation 
takes  place.  Stalactites  vary  from  transparent  to  nearly  opaque;  from  a  crystalline  struc- 
ture* with  single  cleavage  directions  to  coarse  or  fine  granular  cleavable  and  to  radiating 
fibrous;  from  a  white  color  and  colorless  to  yellowish  gray  and  brown.  (6)  Stalagmite  is  the 
same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that  drop  from 
the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  from  the 
floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved,  or  bent 
Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  large  scale,  is  the  alabaster 
stone  of  ancient  writers,  that  is,  the  stone  of  which  ointment  vases,  of  a  certain  form  called 
alabasters,  were  made.  A  locality  near  Thebes,  now  well  known,  was  largely  explored  by 
the  ancients,  and  the  material  has  often  been  hence  called  Egyptian  alabaster.  It  was  also 
formerly  called  onyx  and  onychites  because  of  its  beautiful  banded  structure.  In  the  arts  it 
is  often  now  called  Oriental  alabaster  or  onyx  marble.  Very  beautiful  marble  of  this  kind 
is  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from  Tecali,  Puebla, 
Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zempoaltepec  in 
southern  Mexico.  Similar  kinds  occur  in  Missouri,  Arizona,  San  Luis  Obiq^  Co.,  Cali- 
fornia, (c)  Calcsinter,  Travertine,  Calc  Tufa.  Travertine  is  of  essentially  the  same  origin 
with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially  where  io 
large  deposits,  as  along  the  river  Anio.  at  Tivoli,  near  Rome,  where  the  deposit  is  scores  of 
feet  in  thickness,  {d)  Agaric  mineral;  Rock-milk  is  a  very  soft  white  material,  breaking 
easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime  in 
solution.  (0'  Boch-meal  is  white  and  light,  like  cotton,  becoming  a  powder  on  the  slightest 
pressure. 

B.  Varieties  based  upon  Composition. 

These  include:  Lolomitic  calcite.  Contains  magnesium  carbonate,  thus  graduating 
toward  true  dolomite.  Also  baricaleite  (which  contains  some  BaCOa);  similarly,  strontiano- 
calcite  (SrCOO.  ferrocalcite  (FoCOs),  manganocalcite  (MnCOs),  eineocalcite  (ZnCOt), 
plumbocalcite  (PbCOs). 

Pyr..  etc. — B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  reddish 
yellow;  after  ignition  the  assay  reacts  alkaline;  moistened  with  hydrochloric  ackl  imparts 
the  characteristic  lime  color  to  the  flame.  In  the  solid  mass  effervesces  when  motsteneid 
with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  eTen  in  oold  acid. 
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US— DlatiiiKuiihlDg  cbarsctert:  perfect  rhombohedral  cleavage;  softnesa,  can  be 
•crstclied  wIiU  a  Knife;  eServeaceuce  !□  col<i  dilute  acid;  lufustblUtv.  Less  bard  and  of 
lower  apedflc  gravity  than  aragoiiitG  (wli,  «ee).  Kegemblea  in  its  iliffeKiit  varieties  the 
oilier  rliombobedrsl  CBrbonHtes,  but  is  less  bard,  of  lower  ipeclflc  gravitj,  aud  more 
readily  attacked  by  acltl,  Also  resembles  some  varieties  of  barile,  but  boa  lower  Bpeclflc 
gravity;  It  Is  leas  bard  tbsD  tddspar  and  harder  tbao  gypsum. 

Recognized  in  Ibln  sections  by  its  low  refract iou  and  very  high  blrefriugence,  tbe 
polaiizLntlon  colors  la  Ibe  Lblunest  secllons  attainiug  wlille  of  ibe  highest  oi-der.  The  nega- 
tive Interference  figure,  witb  many  closely  crowded  colored  rings,  Is  also  charDCterlsilc. 
Tbe  rhombohedral  cleavage  is  often  sbown  In  ibe  fine  fracture  lines;  aystcma  of  twinned 
laniellfe  often  conspicuous  (Pig.  705),  eaprclally  in  cryitalline  limestone. 

Oba.— Calcile,  In  its  various  forms,  is  one  of  tbe  most  widely  distributed  of  minerals, 
Beds  of  sedimentary  limestone,  formed  from  orgtmic  remains,  shells,  crluoiiis,  corals,  etc, 
yield  on  metamorphlsm  crystalline  limestone  or  marble,  and  In  connection  nltb  Ibese 
crystallized  cnlclte  aud  also  deposits  In  caves  of  stalactites  and  stalagmites  often  occur. 
Common  with  tbe  zeolites  In  ciivilics  aud  veins  of  Igneous  rocks  as  a  result  of  alteration, 
uid  similarly  tbough  less  abundant  wItb  granite,  syenite,  etc.  A  frequent  mineral  in 
tneialliferous  deposits,  with  lead,  cupper,  silver,  etc.  Deposited  from  lime-bearing  waters 
aacalc  sinter,  travertine,  etc.,  especially  lu  counection  with  bot  iprlogsasat  IbeHaiumotb 
Hot  Springs  In  tbe  Yellowstone  region. 


Some  of  the  best  known  localities  for  crystallized  calcite  are  tbe  following;  Andreas- 
oerg  in  tbe  Uaiz;  tbe  mines  of  Freit>erg,  Bchneeberg.  etc.,  In  Saxony;  Kapnikin  Hungary; 
Atualg  In  Bohemia;  Blelberg  In  Carlulhia:  Traverselln  In  Piedmont;  Elba.     lu  England 


t  Alston  Moor  and  Eijremont  in  Cumberland:  Mutlock,  Derbyshli-e;  Beer  Alston  In 
Devonshire;  at  numerous  points  Id  Cornwall;  Weardale  In  Durham;  Stank  mine,  Lanca- 
shire. In  twin  crystals  of  great  variety  anil  beauty  at  Quanajualo,  Mexico.  Tbe  Iceland 
tpar  bus  been  obtained  from  Iceland  near  Helguatndir  mi  tbe  Eskefiord.  It  occurs  in  a 
large  cuviiy  In  basalt.  Tbe  crystals,  usually  showing  tbe  fuudainentnl  rhombobedroo,  are 
often  coaled  wltb  tufts  of  siilbite. 

In  the  U.  States,  crjslallized  calcite  occurs  In  N.  Tork.  In  St.  Lawrence  Co.,  especially 
M  the  RoHsle  lead  mine;  in  JeSerson  Co.,  near  Oxbow;  dog-U)oth  tpar,  \n  Niagara  Co, 
iieftrLockport,wlib  pearl  spar,  ceiestlle,  etc.;  In  Lewis  Co.,  at  Ley  den  and  Low  vi  lie,  and  at 
tbe  Harllniburg  lead  mine;  nt  Anthony's  Nose  on  the  Hudson,  formerly  groups  of  large 
tabular  crystals.  In  N.  Jertgy,  at  Bergen,  yellow  calcite  wlib  datoHie,  etc.  In  Virgirua, 
at  Wier's  cave,  ilalaetitet  of  great  beauty;  alan  in  the  large  caves  of  Eentueky.  At  the 
I^ke  Superior  copper  mines,  complex  crystals  often  containing  scales  of  native  copper. 
At  Warsaw,  lilinou,  in  great  variety  of  form,  lining  geodes  and  implanted  on  quarts 
crystals:  at  Qulncy.  In  MiMtouTi,  witb  doliimlte  near  Bt.  Louis;  also  with  sphalerite  at 
Joplln  and  other  points  iu  the  zinc  region  in  tbe  southwestern  part  of  tbe  slate,  the 
crystals  usually  scalenohedral  and  of  a  wlue-yellow  color.  From  tbe  Bod  Lands.  South 
Dakota,  In  Nova  ScotLi,  at  Partridge  1.,  a  wine-colored  calcite.  aud  other  Interesting 
Tariaiies. 

Thixolitb.  a  tufn  deposit  nf  calcium  carbonate  occurring  on  an  enormous  scale  in 
norili- western  Nevada:  also  occurs  about  Mono  Lake.  Californhi.  It  forma  layers  of  Inter- 
laced crystals  of  a  pale  yellow  or  Uglit  brnwn  color  and  often  skeleton  structure  except 
vbea  covered  by  subeequeni  deposit  of  calcium  carbonate. 

DOLOMTTB.    Pearl  Spar  pt. 

Tri  rhombohedral.     Axis  1  =  0  8322. 
er.  0001  A  lOil  =  48"  Sy.     Jfjf',  40il  a  i401  =  US'  SS.  '***' 

rK,  lOil  A  ilOl  =  73°  45'. 

Habit  rhombohedral,  usually  r  or  M{\Ol\):  the 
presence  of  rhombohedrons  of  the  second  or  third  series 
after  the  phenacite  type  very  characteriBtic,  The 
r  faces  commonly  carved  or  made  up  of  sub-individ- 
nals,  and  thna  paasing  into  saddle-shaped  forms  (Fig. 
706).  Also  granaUr,  coarse  or  fine.reBembling  ordin- 
ary marble. 

Cleftrage:    r  perfect.     Fracture  subconchoidal. 
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G.  =  2*8-2*9.  Luster  vitreous,  iucliniug  to  pearly  in  some  varieties.  Color 
white,  reddish,  or  greenish  white;  also  rose-red,  green, brown,  gray,  and  black. 
Transparent  to  translucent.  Optically  — .  cijy  =  l'G8174Na.  Cj  =  1'50256 
Na,  Fizeau. 

Comp. — Carbonate  of  calcium  and  magnesium  (Ca,Mg)CO, ;  for  normal 
dolomite  CaMgG,0,  or  CaCO,.MgCO,  =  Carbon  dioxide  47-9,  lime  30-4, 
magnesia  21*7  =  100,  or  Calcium  carbonate  54*35,  magnesium  carbonate  4565 
=  100.  Varieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1:1.  The  carbonates  of  iron  and  manganese  also  sometimes  enter ;  rarely 
cobalt  and  zinc  carbonates. 

Pyr.,  etc.  — B.B.  acts  like  culcite.  Fmgmeuts  tlirowu  into  cold  add,  unlike  calciu\  nre 
only  very  slowly  acted  upou,  if  at  all,  while  io  |>owder  iu  warm  acid  tbe  mineral  is  readily 
dissolved  with  effervescence.     The  ferriferous  dolomites  become  brown  on  exposure. 

Di£f— Resembles  calciic  (seep.  857).  but  generally  to  be  distinguished  in  that  it  does 
no:  effervesce  readily  iu  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  c:illed  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  Crystalline  and  compact  varieties 
are  often  associateil  with  ser|>entine  and  other  magnesiau  rocks,  and  with  ordinary  lime- 
stones. Some  prominent  localities  are:  Leogang  in  Sal/burg;  Schemnitz  and  Kapnik  iu 
Hungary:  Freiberg  in  Saxony.  In  Switzerland,  at  Bex,  in  crystals;  alsoin  theBiunenthal; 
Traversella  in  Piedmont:  Campoloneo. 

In  the  U.  Stales,  in  Vermont,  at  Roxbury.  In  N.  Jersey,  at  Hoboken.  In  N.  York,  at 
Lockport,  Niagara  Falls,  etc.;  at  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co.,  with 
magnetite,  chondrodite.  In  saddle-shaped  crystals  with  the  sphalerite  of  Joplin,  Mia$ouri. 
In  A^.  Ciir.,  at  Stony  Point,  Alexander  Co. 

Named  after  Dolomieu  (1750-1801),  who  annonnced  some  of  the  marked  chamcteristlcfl 
of  the  rock  iu  1791 — its  not  effervescing  with  acids,  while  burning  lik'i  limestone,  and 
solubility  after  heatiug  in  acids. 

Ankerite.  CaCO,  (Mg.Fe.Mn)CO,,  or  for  normal  ankerite  2CaC0,.MgC0..FeC0,. 
In  rhombohedral  crystals;  rr^  =  73"*  48':  also  crystalline  nuissive,  granular,  com|)act. 
G.  =  2*95-3  1.  Color  white,  gray,  reddish.  Occurs  with  siderite  at  the  Stydan  mines, 
etc.     With  the  hematite  of  northern  New  York. 

MAQNESmi. 

Rhombohedral  Axis:  i  =  0  8112.  rr'  =  72°  36'.  Crystals  rare,  usually 
rhombohedral,  also  prismatic.  Commonly  massive;  granular  cleavable  to 
very  compact;  earthy. 

Cleavage:  r  perfect.  Fracture  flat  conchoidal.  Brittle.  II.  =  3'5-4*5. 
G.  =  3*0-3i2,  cryst.  Luster  vitreous;  fibrous  varieties  sometimes  silky. 
Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to  opaque. 
Oplicnlly  — .     Double  refraction  strong. 

Comp.— Magnesium  carbonate,  MgCO,  =  Carbon  dioxide  52*4,  magnesia 
4T*()  =  100.     Iron  carbonate  is  often  present. 

llrru^nu'riU'.  contains  several  p.  c.  of  FeO;  G.  =  8-8-2;  white,  yellowish,  brownish, 
rarely  black  and  bituminous;  often  becon\ing  brown  on  exposure,  and  hence  called  Brown 
Spar. 

Tyy.,  etc. — B.B.  resembh's  calcite  and  dolomite,  and  like  the  latter  is  but  slightly 
aot(>d  upon  by  cold  acids;  in  powder  is  readily  dissolved  with  effervescence  in  warm 
hyjlrocliloric  acid. 

Obs. — Found  in  tidcose  schist,  serpentine  and  other  magnesian  rocks,  also  gj'psnm;  as 
veins  in  serpentine,  or  mixc>d  with  it  so  as  to  form  a  variety  of  veni-antique  marble. 
Occurs  at  HrubschUtz  in  Moravia;  at  Kraubat  and  Maria-Zell,  Styria;  GreiDer  in  the 
Zillerlhal,  Tvrol;  Snarum.  Norway. 

In  the  IL  S.,  at  Bolton,  Mas.<«.;  at  Roxbury,  veining  serpentine;  at  Barehills.  near 
Baltimore,  Md.;  in  Penn..  in  crynttils  at  West  Goshen,  Chester  Co.;  near  Texas,  Lancaster 
Co.;  In  Tulare.  Alameda  Cos..  California.  A  white  saccharoidal  magnetite  resembling 
statuary  marble  has  l>een  found  as  loose  blocks  on  an  island  in  the  Bt.  Lawrence  RiTer» 
near  the  Thousand  Island  Park. 


CARB0MATE3. 

IniermetllBle  bettreeo  naguesite  and  sMcrlte  nre: 

Mksititb.     aMgCO..FeCO,.      rr-  =  73°  46'.     O.  =  3B5-8-86.     I 

bolieilTOiis  (<,  0113}  wiEli  roiiuded  racts.     TraTeisellti,  Pi  ell  ui  on  I. 

PiBTOUESiTB.     MeC0i.F«C0i  =  MagncBiiiiii  carliOLiale  430,  iron  i 

rr"  =  72"  42'.     G.  =8-42.     'niinnberg,  Salzburg:  alsu  TrareiaelliL 

BISERITZl.     Cbaljblte,  Spiilbii-  Iiou.     Eiseuspatb  Germ. 
Rliombohedral.     Axis  ^  =  0-8184. 
'^.    0001  A  lOll  =  43*  23'.     rr-,      1011  a  ilOl  =    73'    0'.  ^• 

U.  0001  A  4041  =75-  11'.  JfJC,  4041  a  4401  =  113' 43'. 
I,  OOol  A  066l  =  18'  8'.  w*.  0551  A  5051  =  115"  ST. 
ed,   0001  A  oaSl  =  82°  88'.    <W.     0681  a  8061  =  118°  181'. 

Cryatala  commonly  rhomboliedral  r  or  e,  the 
faces  often  curved  und  built  up  of  sub- individuals 
like  dolomite.  Often  cleavabte  niusfiive  to  conree 
or  fiue  granular.  Also  in  botryoidal  and  globular 
forms,  BubfibroDS  within,  occasiouully  silky  fibrous; 
compact  and  earthy. 

(Jleavage:  r  perfect.  Fracture  uneven  or  subconclioidal.  Brittle.  H.  = 
3-5-4.  O.  =  3-83-3-88.  Luster  vttreouB,  inclining  to  pearly.  Color  aeh-gray, 
yellowish  gray,  greenish  gray,  also  brown  and  brownish  red,  rarely  green;  and 
sometimes  white.  Streak  white.  Translucent  to  subtransluceut.  Optically 
— .     Double  refraction  strong. 

Cony.— Iron  protocarbonate,  FeCO,  =  Carbon  dioiide  37'9,  iron  protoxide 
G2-1  =  100  (Fe  =  48-2  p.  c).  Manganese  may  be  present  {as  in  oligonUe), 
also  magnesium  and  calcium. 

Pyr..  •to.— In  the  closed  tube  decrepilntea.  gives  oCf  CO,,  liliiikens  ami  bccDmca 
tnagDelic.  B.B.  blackens  iiuil  fust's  at  45,  With  tbe  Huies  reacts  fur  iniD.  and  wiili  soda 
ancf  niter  on  platinum  foil  geDeniUy  gives  a  miingaucse  reacliuD  Only  slowly  acted  upon 
by  cold  add,  but  dissolves  wilb  brisk  effervesrence  in  bol  hydrochloric  acid.  'Exposure  lo 
llie  alnio«pbere  darkens  its  color,  reudering  it  often  of  a  UuckisL -brown  or  biiiH-niah-red 

DIA— Chnncterized  by  r  horn  boh  cdrnl  form  and  cleavage,  SpcHfic  Enivily  biglicr 
than  Ibnt  of  cnlciie,  dolomite  apd  nnkciiie.  Resembles  some  hplmlerite  but  lacks  Ifau 
resinous  luster,  differs  in  cleavage  angle  and  yields  COi  inoi  11,8)  wiih  bydiucliloticudd. 

Oba. — Occun  In  many  of  tbe  rock  strata.  In  gneiss,  mica  slate,  clay'slaie,  aiul  as  clay 
iroa-slone  in  cnnneciion  wilb  the  Coal  fornintion  iinil  many  utber  sinullled  de)H>sits.  Ii  is 
often  Biaoclated  with  metallic  ores.  At  Freiirerg  It  ncciirs  In  silver  mines.  la  Cumwall  it 
Bccnnipanlea  iln.  Il  Is  also  found  aceompnnylng  cop|>er  mid  iron  pyriles.  galena,  chalco- 
Hle.  terrahedrlte.  Occasionally  It  is  lo  be  met  wtili  in  trap  rcickx  as  M;;Reroti<lerite  In 
globular  concret'ous.  Eitensive  deposits  occur  in  llie  Eastern  Alps,  in  Slyrinand  Ciirinlhia. 
Ai  Harxgerode  In  tbe  Harz,  ft  occurs  in  fine  crystals  in  gmywnrke:  also  In  Cornwall  of 
Taried  habti  at  many  localltfes;  at  Alston-Mour.  ami  Tavistock,  DeTi>ti!^bii'e.  Fine  cleavage 
miisKs  occur  with  cryolite  In  Qreenland. 

Iti  llie  Uniled  States,  in  Vermont,  at  Plymoutli.  In  Mau.,  at  Sterling.  Id  Conn.,  at 
Roib'iry.  an  extensive  vein  in  qiinrlz.  traversing  gncisa.  In  jV.  I'oi*.  a  series  of  deposits 
(ircur  in  Cnlitmbfa  Co.;  at  the  HosMe  iron  mines.  St.  Lawrence  Co.  In  ^.  Carotinn.  at 
Feiilres«  snd  Harlem  mines.  The  argtilnceous  carbonnte.  in  nmluks  and  beds  (clay  imu- 
slone).  is  abundant  In  Ibe  coal  regions  of  Penn..  Ohio,  and  nuiny  parts  of  Ihe  country.  Id 
a  clay-bed  under  tbe  Tertlnry  along  the  nest  side  of  Cbesajvake  Bay  for  50  ni. 


DIaloglte.    ManganspalL.  Himlteerspaib,  Germ. 
Bfaombobodnl.     Axis  i  =  0'8184,  rr'  =  T3°  0'.     Distinct  crystals  not  com- 
mon;   Dnully  tbe  rhombohedron   r;    also  e,   with   rounded   striated   faces. 
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Cleayable,  massive  to  granular  massive  and  compact.  Also  globular  and 
botryoidal^  with  columnar  structure,  sometimes  indistinct ;  incrusting. 

Cleavage:  r  perfect.  Fracture  uneven.  Brittle.  H.  —  3'5-4'5.  G.  =  3*45- 
3*60  and  higher.  Luster  vitreous^  inclining  to  pearly.  Color  shades  of  rose- 
red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak  white.  Translu- 
cent to  subtranslucent.     Optically  — . 

€omp. — Manganese  protocarbonate,  MnCO,  =  Carbon  dioxide  38*3,  manga- 
nese protoxide  61*7  =  100.  Iron  carbonate  is  usually  present  even  up  to  40 
p.  c,  as  in  manganosiderite;  sometimes  the  carbonate  of  calcium,  as  in  man- 
ganocalcite,  also  magnesium,  zinc,  and  rarely  cobalt. 

Pyr.,  etc. — B.B.  clianees  to  gray,  brown,  uud  black,  and  decrepitates  strongly,  but  is 
infusible.  With  salt  of  pno-pborus  and  borax  in  O.F.  gives  an  amethystine-colored  boid. 
in  R.F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  manganate.  Dissolves 
with  effervescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown, 
and  some  bright  rose-red  varieties  become  paler. 

Diff. — Charactericed  by  its  pink  color,  rhombohedral  form  and  cleavage,  effervescence 
in  acids. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  with 
other  ores  of  manganese.  Found  at  Scheiunitz  and  Kapnik  in  Hungary;  Nag^'&g  in 
Transylvania;  at  Freiberg  in  Saxony;  at  Diez  near  Oberneisen  in  Nassau;  at  I>riaden, 
Rheinprovinz;  at  MoetFontuine  in  the  Ardennes.  Belgium.  In  the  U.  S.,  at  Brauclivilte. 
Conn.;  in  New  Jersey,  with  franklinite  at  Mine  Hill,  Franklin  Furnace.  In  Colorado,  at  the 
John  Reed  mine,  Alicante.  Luke  Co.,  in  beautiful  clear  rhombohedrons;  also  at  the  Onlay 
mine,  near  Lake  City.  In  Montana,  at  Butte  City.  Abundant  al  the  silver  mines  of  Austin, 
Nevada.     At  Placentia  Bay,  Newfoundland. 

Named  rhodoehrosite  from  fioSov,  a  rose,  and  XP^^^^»  color;  and  dialogUe,  from 
6iaXoyif,  doubt. 

SMITHSONITB.     Calamine  pt.     Zinkspath.     Dry-bone  Miners. 

Rhombohedral.  Axis  d  =  0-8063.  rr'  =  72^  20'.  Barely  well  cryetallwed ; 
faces  r  generally  curved  and  rough.  Usually  reniform,  botryoidal,  or  stalac- 
titic^  and  in  crystalline  incrustations;  also  granular^  and  sometimes  impalpable^ 
occasionally  earthy  and  friable. 

Cleavable:  r  perfect.  Fracture  uneven  to  imperfectly  conchoidal.  Brittle. 
H  =5.  G.  =  4*30-4*45.  Luster  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish  white,  sometimes  green,  blue 
and  brown.     Subtransparent  to  translucent.     Optically  — . 

Comp. — Zinc  carbonate,  ZnCO*  ==  Carbon  dioxide  35-2,  zinc  protoxide  64'8 
=  100.  Iron  carbonate  is  often  present  (as  in  monJieimife);  also  manganese 
and  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in  traces; 
rarely  cadmium  and  indium. 

Pyr.,  etc.  — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
white  on  cooling  B.l^  infusible;  moistened  with  cobalt  solution  and  heated  in  O  F.  gives 
a  irreeii  color  on  cooling.  With  soda  on  charcoal  coats  the  cojil  with  the  oxide,  which  is 
yt'ilovv  while  hot  and  wliite  on  c{K)ling;  this  coating,  moistened  with  cobalt  solution,  ^ves 
a  green  color  after  healing  in  OF.     Soluble  in  hy«lrochloric  acid  with  eflfervescence. 

Diff. — Distinguished  from  calainiue.  which  it  often  closely  resembles  by  lis  effervescence 
in  acids. 

Obs.— Found  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  «nd  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is  genemlly  asso- 
ciated with  ralnmine,  and  sometimes  with  limonite.  It  is  often  produced  by  the  action 
upon  zinc  sulphide  of  carbonated  waters. 

Fotmi  at  Nerchinsk  in  Siberia;  at  Dognaczka  in  Hungary;  Bleiberg  and  Raibel  in 
Carinthia;  Wiealoch  in  Baden;  Moresnet  in  Belgium;  Altenberg.  In  the  province  of 
Bantander,  Spain,  at  Puente  Viesgo.  In  England,  at  Roughten  QUI,  Alston  Moor,  near 
Matlock,  in  the  Mendip  Hills,  and  elsewhere ;  in  Ireland,  at  Donegal.  At  Laurion, 
Greece,  varieties  of  many  colors. 


OABBOHATES. 
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In  the  U.  Btatei.  In  Ann.,  at  Lancaster  ftbuodaiit,  Ibe  var.  called  "  dry-boue" ;  at  Ibe 
Ueberroth  mine,  ttesr  Betblebem,  iu  scaleuobedroiia.  Id  Wiie<m*in,  nt  MiLeral  Poiiil, 
SUulkburg,  etc.,  pseud omarpLs  after  aplialerlte  auil  ciUcile.  Iu  Miniieiota,  at  Ewiiig'a 
diggiuKs,  H.  W.  uf  Dubuque,  etc.  Iu  eoutb-weslerii  Miuouri  assuciiiU'd  witb  spbalerTls 
add  ailutniue.  In  Arkajuat,  al  CaliLmiiie,  Limreuce  Ca..  Iu  Huriuu  Cu.  A  piuk  cobullif- 
erous  variety  occurs  (it  Boleo,  Lower  Califoruia. 

Nmued  after  James  Snililison  (1754-18311).  wbo  fouucleii  ibe  Suitlisouiau  lusliiutum  in 
WaHbinglou.     Tbe  uaiiie  calamiou  is  frtqueuily  used  iu  Englaud,  cf.  cahiiiiiue,  p.  446. 

SphaarocobatUte.  Cobalt  protKcarbonaie,  CoCO..  KobiiltspBili  Germ.  KLuiiiIki- 
hedral.  In  amall  spherical  masses,  with  cryatalliuc  surface,  rnre)f  in  crystals.  G.  =  4'(B- 
4'18.    Color  roK-red.    From  Sclioeeberg,  Saiooy. 


2.  Aragonlte  Group.     RCO,.     Orthorhombic 
For  list  of  species,  see  p.  8Sa 
ARAOONITB. 

Orthorhombic.     Axes  d:h:6  =  062244  :  1  :  0-73056. 
mm'".  110  A  110  =  68°  48'. 
if.     on  A  Oil  =  71*88'. 
in  A  111  =  86- 24i', 

111  A  111  =  60°  27. 
Crystals  often  acJcular, 
And  characterized  b;  the 
presence  of  acnte  domes  or 
pyramids.  Twins :  tw.  pi. 
m  commonly  repeated,  pro- 
d  n  c  i  n  g  pseuoohexagoual 
forms  (see  p.  127,  Figs.  398, 
399  and  710).  Also  globular,  reniform,  and  corulloidal  ehapes;  sometimes 
columnar,  straight  or  divergent;  also  stalactitic;  iucrupting. 

Gleavaffe:  b  distinct;  also  m;  k  (Oil)  imperfect,  Fracture  eubconchoidal. 
Brittle.  H.  =  3'5— 4.  G.  —  293-29o.  Luster  vitreous,  inclining  to  resinous 
on  surfaces  of  fracture.  Color  white;  also  gray,  yellow,  green  and  violet; 
streak  uncolored.  Transparent  to  translucent.  Optically — .  Ai.  pi.  |  a, 
BxXc.     Dispersion  p  >  1/ fitnall.     2E,  =  30°  54'.     /3,  =  1*681C. 

Camy. — Calciam  carbonate,  CaCO,  =  Carbon  dtoiide  44-0,  lime  56-0  =  100. 
Some  varieties  contain  a  little  stroutium,  others  lead,  and  rarely  zinc. 

Tar.— Ontf/Mrjr.  (n)  Crystnlllzed  Id  simjile  or  compound  crvstnls.  tlic  latter  much  lli« 
most  common;  iifteu  in  raiUntlng  groups  of  ndcular  crystals.  Culiimiiar;  al»o  lliia 
flbro  IB  with  silky  lusler.     (c)  Massive. 

St'tlaetiUe  or  italagmitU :  Eitber  compact  or  Gbrous  iu  structure,  ns  wiili  culciic:  Bpm- 
d^ltlein  Is  stalactitic  from  Carlsbad.  Goralloidal :  In  grouping  uf  delicate  iDterlticIug  and 
roalesciDg  Stems,  of  ft  snow-wblle  color,  and  looking  a  little  like  conil;  often  called  Fh*- 
ferri  (EIscDblQtbe  Oerm.).  TarimviittiU  is  a  kind  coataluiDg  lead  carbonate  (4  to  8  p.  c), 
from  Tamowltz  In  Sileela;  wiib  G.  =  aW. 

Pyr.,  *t«. — B.B.  wbltens  and  falls  1o  pieces,  and  sometimes,  when  coDlsitihig  slroDtia. 
imparls  a  more  iulensely  red  color  Iu  the  flame  Ihao  lime;  otherwise  reacts  like  ciilcile. 

Uff—DIMfnguiabedfromcaklte  by  higherspecIGc  gravity  and  ahseuceof  Hinmbohedml 
cleavan;  from  UieEeolttes  {t.g.,  nslrolUc),  etc.,  by  effervescence  Id  acid.  Stroiitianlteand 
witbenle  are  fnslble,  higher  In  speciQc  grnvUy  aud  yield  distinctive  flames  B.B.  The 
rediioua  loiter  on  fracture  surfaces  Is  to  be  noted. 

Ob«. — The  moat  common  repositories  of  arugoiiite  are  beds  of  gypsum:  also  beds  <if  Iron 
ore,  as  the  StjniaD  mines,  irbere  it  occurs  In  coralloldal  forms,  and  is  denominaled  JIm- 
fwri,  "JImmt  4' Avn";  In  banlt;  occasioaally  It  occurs  in  lavas;  often  Bssoclaied  with 
copper  and  frao  PTritei,  galena,  and  malachite.    It  constitutes  tbe  pearly  layer  of  sheila. 
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DESCBIPTIVE  MINERALOOY. 


First  discovered  iu  Aragou,  Spaiu  (wbeuce  its  uame),  at  Molina  and  Valencia,  in  six- 
sided  prisms,  with  gypsum.  Promineut  localities  are  Biliu,  Bohemia;  Leogaug  in  Salzburg, 
Austria;  tierreugruiid,  Uuiigary;  with  sulphur  in  Sicily  iu  tine  prisms;  also  at  Alston  Moor, 
liue  tapering  crystals. 

In  tibn)us  crusts  at  HoUolcen,  N.  J.;  at  Edenville  and  Rossie,  N.  Y.;  Wood*s  Mine, 
Lancaster  Co.,  Penii.;  Warsaw,  111.,  lining  geodes;  Mine-la-Motte,  Mo.,  in  crystals.  FIm- 
ferri  in  the  Organ  Mts.,  New  Mexico. 


711. 
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WITHERITB. 

Orthorbombic.  Axes  a  \h  :  6  =  06032  :  1  :  0*7302.  Crystals  always  repeated 

twins,  simulating  bexagonal  pyramids,  Fig.  Til  (cf. 
Fig.  557,  p.  227).    Also  massive^  columnar  or  granular. 

Cleavage  :  b  distinct  ;  m  imperfect.  Fracture 
uneven.  Brittle.  II.  =  3-3-75.  G.  =  4-27-4-35.  Luster 
vitreous,  inclining  to  resinous  on  surfaces  of  fracture. 
Color  wbite,  yellowish,  grayish.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp. — Barium  carbonate,  BaCO,  =  Carbon  di- 
oxide 22-3,  baryta  777  =  100. 

Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame 
yellowish  irreen;  iiftcr  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  sodaTuses  easily,  and  is  absorbed  by  the  coal.  Soluble  in 
dilute  hydrochloric  acid;  this  solution,  even  when  very  much 
diluted,  gives  with  sulphuric  acid  a  white  precipitate  which  is 
insoluble  in  acids. 

Diflf — Distinguished  by  its  high  specific  giTivity  ;  eflfer- 
vescence  in  acid;  irrecn  coloration  of  the  flame  B.B.  Barite  is 
insoluble  in  hydrochloric  aci(i. 

Oba.— Occurs  at  Alston  Moor  in  Cumberland,  with  galena; 
at  Fallowfield  near  Hexham  in  Northumberland;  Tnrnowitz  in  Silesia*  Leogang  in  Salz- 
burg; ne»r  Lexington.  Kentucky,  with  barite.  In  a  silver-bearing  vein  near  Rabbit  Mt., 
Thunder  Bay,  L.  Superior. 

Bromlite.     (Ba.Ca)C03.      In  pseudohexagonal    pyramids   (Figs.    558.   559,   p.    287). 
Bromley  Hill,  near  Alston,  Cumberland. 


STRONTIANITB. 

Orthorbombic.     Axes  d:h:d-  06090  :  1  :  0'7239. 

Crystals  often  acicular  or  acute  spear-sliaped,  like  aragonite.  Twine:  tw« 
pi.  m  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  w  nearly  perfect;  ft  in  traces.  Fracture  uneveii.  Brittle.  H. 
=  3  5-4.  G.  =  3-680-3714.  Luster  vitreous;  inclining  to  resinous  on  faces 
of  fracture.  C'olor  pale  asparagus-green,  apj)le-green ;  also  wbite,  gray,  yellow, 
and  vollowish  brown.  Streak  wbite.  Transparent  to  translucent.  Optically  — , 
Ax.  pi.  II  b.     Bx  JL<?.     Dispersion  (J  <  v  small.     2Er=  12"  17'. 

Comp. — Strontium  carbonate,  SrCO,  =  Carbon  dioxide  29*9,  strontia  70*1 
=  100.     A  little  calcium  is  sometimes  present. 

Pyr..  etc  —B.B  swells  up,  throws  out  minute  sprouts,  fuses  only  on  the  thin  edges,  and 
<()](>rs  the  flame  strontia-red:  the  a.ssay  reacts  alkaline  after  i^ition.  Moistened  with 
liydKK'liloric  Hcid  and  treated  either  B.B.  or  in  the  naked  lamp  gives  an  intense  red  color. 
Soluble  in  hydrochloric  acid;  the  dilute  solution  when  treated  with  sulphuric  acid  gives  a 
while  precipitate. 

Diff.— Differs  from  related  minerals,  not  carbonates,  in  effervescing  with  aclda;  has  a 
higher  s|)ecitic  gravity  than  aragonite  and  lower  than  witherite:  colors  the  flame  red  B.B. 

Oba.— Occurs  at  Strontian  in  Argyllshire;  in  Yorkshire,  England;  Ckusthal  in  the 
Harz;  Brttunadorf,  near  Freiberg.  Saxony;  Leogang  in  Salzburg;  near  Brizlegg,  tjioX 
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CAUBUSATES.  303 

{ealeiottrontianiuy.  In  fine  crystals  near  Hamm,  Westpbaliu:  at  Ibe  Wilbelmiuc  mlDe  utur 
AlUblen.  Weaplialia. 

lu  tbe  U.  Slates,  occurs  at  Scbobarie,  N.  Y.;  at  Muscalonge  Lake;  Cbaumout  Bay  aod 
Tberesa.  iu  Jeftenou  Co.,  K.  Y..  MifBin  Co.,  Penu 


WUile  Lead  Ore.    Welssbleterz  Germ. 
Orthorhoiiibic.     Axes  a  i  h  :  i  =  060997  :  1  :  072300. 
712  713.  714. 
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mm"\  110  A  liO  =    63°  W. 
kk.      Oil -A  Oil  =    71°  44'. 

r.     oai  A  021  =  110°  40". 


ep.     000  A  in  =  S4°  U'. 

pp'.    HI  A  ill  =  8r  42'. 

pi/".  Ill  A  111  =  48°  581'. 


Simple  crystalB  often  tabular  |  b,  prismatic  |  d;  also  pyramidal.  Twins: 
tw,  pi,  m,  Ter?  common,  contact-  and  penetration-twins,  often  repeate<l  yielding 
six-rayed  stellate  groups.  Crystals  grouped  in  clusters,  und  aggregates.  Harely 
flbrons,  often  granular  massive  and  compact;  earthy.     Sometimes  Gtnlnctitic. 

Cleavage:  m  and  i  (021)  distinct;  h  and  :e  (012)  in  traces.  Fracture  con- 
choidal.  Very  brittle.  H.  —  3-3d.  G.  =  6-46-G  574.  Luster  adamantine, 
inclining  to  vitreous,  resinous,  or  pearly;  sometimes  submetullic.  Color  white, 
gray,  grayish  black,  sometimes  tinged  blue  or  green  (copper) ;  streak  uncolored. 
Transparent  to  subtranalucent.  Optically  — .  Ax.  pi.  |  ^.  Bx  J.  C.  Dispersion 
p  >  V  large.    Indices  and  axial  angles,  Schrauf : 

a  /?  y  2V  2E 

Line  D        1-80368  2  07628        2  07803    .-.     8°  14'        17°  8' 

CoI■^— Ijaad  carbonate,  PbCO,  =  Carbon  dioxide  165,  lead  oxide  83  5 
=  100. 

Pyr..  ato  — In  tbe  closed  lube  dvcreptlates,  loses  carbon  dioilde.  turns  first  yellow,  and 
at  a  higher  temperature  dsrk  red,  but  becomes  again  yellow  on  cooling.  B.n,  ou  chnrcosl 
tusei  very  ea>ily,  aod  id  R.F.  yields  metallic  lead.  Soluble  lu  dilute  Ditric  acid  wiih 
efferveacence. 

Dlff  — Cbnrsclertzeil  by  high  specific  gravity  nnd  ailaranntbie  luster:  also  by  yielding 
lead  B.B.     Unlike  nngleslle,  it  effervesces  with  nitric  ncid. 

Oba.— Occurs  In  connection  nilb  niber  lead  mluerals,  and  is  formed  from  |;nlenn.  wbicb, 
as  It  passes  to  a  snlphatir,  may  be  changed  lo  carljonate  by  means  of  soluiiciHB  "f  tulciinii 
birarboaate.  It  is  found  at  Ji>]ianngeorgensin<U  In  beautiful  crystals:  Monte  Poiii.  SuMliniiii 
tViedrlclissegen.  Nassau:  Bndenweller,  Btideii;  at  Clnnstbiil  in  the  Harz:  ai  BU'lliprg  in 
CHriiilhIa:  In  EnglaD't,  lu  Cornwall:  iit  E  Tamnr  mine.  Devoneliire.  nenr  .Mullock  and 
Wirkswoilb,  Derbysblre;  at  Leadhilis  and  Wnntockbead,  Scotland. 

FoQDd  In  Ana.,  at  Fhenixville.  Iti  Virginia,  at  Austin's  mines,  Wyllie  Oo.  In  iV, 
CarMma,  \a  King's  mine.  In  Wisconsin  and  oilier  lead  mines  of  the  norihweiilern  Slates, 
rarely  In  ojitalt:  at  Hazelgreen.  crystals  coating  galena.  In  Colorado,  nt  Leadville,  and 
elMwbnra.  In^rtetsa,  at  tiieFlui  mine,  PlniaCo.,  lu  large  crystalline  mossM;  in  crystals 
«t  iba  Hod  Okind  mine,  Tuma  Co. 
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BARTTOOALOrm. 

Monoclinic.  Axes  d  :  J  :  <J  =  0-7717  :  1  :  0-6254;  ^  =  73**  62'.  In  cryBtals; 
alfio  massive. 

Cleavage:  vi  perfect;  cless  so.  Fracture  uneven  to  subconckoidal.  Brittle. 
H.  =4.  G.  =  3-tj4-3-66.  Luster  vitreous,  inclining  to  resinous.  Color  white, 
grayish,  greenish  or  yellowish.     Streak  white.     Transparent  to  translucent. 

Comp. — Carbonate  of  barium  and  calcium,  BaCOt.CaCOt  =  Carbon  dioxide 
29-0,  baryta  51-5,  lime  18-9  =  100. 

Pyr.,  etc. — B.B.  colors  the  flume  yellowish  green,  and  at  a  high  temperature  fuses  on 
the  ihio  edges  and  nssuines  a  pale  green  color;  the  assay  reacts  alkaline  after  iffDitioD. 
•With  the  iluxes  reucls  for  maugaiiese.  With  soda  ou  charcoal  the  lime  is  separated  ns  au 
infusible  mass,  while  the  remamder  is  absorbed  by  the  coal.  Soluble  in  dilute  hydro- 
chloric acid. 

Obs. — Occurs  at  Alston  Moor  iu  Cumberland,  in  limestone  with  barite  and  fluorite. 

Bismntospharite.  Bi9(COa)s.2BisOs.  In  spherical  forms  with  radiated  structure. 
Q.  =  742.  Color  yellow^  to  gray  or  blackish  brown.  From  Schneeberg,  Saxony.  Also 
aparingly  at  Willimantic  and  rortlaud,  Conn.,  as  a  result  of  the  alteration  of  bismuthiuite. 

Pariaite.  A  fluocarbonate  of  the  cerium  metals.  In  acute  double  hexagonal  pyramids. 
H.  =  4  5.  G.  =4*858.  Color  brownish  yellow.  From  the  emerald  mines  of  the  Muso 
▼alley,  U.  S.  Colombia. 

Bastnasite.  Hamartile.  A  fluocarbonate  of  the  cerium  metals  (KF)C03.  Color  wax- 
yellow  to  reddish  brown.  From  the  Bastnfts  mine,  Kiddarhyttan,  Sweden.  Also  as  an 
alteration  product  of  tysouite  in  the  granite  of  the  Pike's  Peak  region  iu  Colorado. 

PHOSOBNITB. 

Tetragonal.     Axis  6  =  10876.     Crystals  prismatic;  sometimes  tabular  |  c. 

Cleavage:  w,  a  distinct ;  alsoc.  Rather  sectile.  H.  =  2'75-3.  G.  =  6'0-6'3, 
liQster  adamantine.  Color  white,  gray,  and  yellow.  Streak  white.  Trans- 
parent to  translucent.     Optically  -|-. 

Comp.— Chlorocarbonate  of  lead,  (PbCl),CO,  or  PbCO,.PbCl,  =  Lead 
carbonate  490,  lead  chloride  51*0  =  100. 

Pyr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
mnd  crystalline.  On  charcoal  iu  R.F.  gives  metallic  leud,  with  a  white  coating  of  lead 
chloride.  With  a  salt  of  pliosphorws  l)end  |>i*eviously  saturated  with  copper  oxide  gives  the 
chlorine  rcjiction.     Dissolves  witli  effervescence  in  dilute  nitric  acid. 

Obs. — At  Cromford  near  Matlock  in  Derbyshire;  at  Gibbas,  Monte  Poni  and  Monte- 
▼ecchio  in  Sardinia. 

Northupite.  MgCO1.NaaCO3.NaCl.  In  isometric  octahedrons.  White  to  yellow  or 
gra}'.     From  Borax  Lake,  San  Bernardino  Co.,  California. 


B.   Acid,  Basic,  and  Hydrous  Carbonates. 

Teschemacherite.     Acid  ammonium    carbonate,  HNHiCOa.     In  yellowish  to  white 
crystals.     G.  =  145.     From  guano  deposits  of  Africa,  Patagonia,  the  Chincha  Islands. 


MALACHITES 

Moiioclinic.     Axes  a:h\^  =  0  8809  :  I  :  0;4012  ;  /?  =  61°  50'. 

Crystuls  rarely  distinct,  usually  slender,  acicular  prisms  {mm"'  =  75°  40')» 
grouped  iu  tufts  and  rosettes.  Twins:  tw.  pi.  a  common.  Commonly  massive 
or  incrustintj,  with  surface  botryoidal,  or  stalactitic,  and  structure  divergent; 
often  delicately  compact  fibrous,  and  banded  in  color;  frequently  granular  or 
earthy. 

Cleavage:  c  perfect;  6  less  so.  Fracture  subconchoidal,  uneven.  Drittle. 
H.  =  3*5-4.     G.  =  3-9-4-03.     Luster  of  crystals  adamantine,   indinAng  to 
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▼itreons  ;  of  fibrons  varieties  more  or  less  silky ;  often  dull  and  eartliy.    Color 
bright  green.     Streak  paler  green.    Translucent  to  subtranslucent  to  opaque. 
Comp.— Basic    cupric    carbonate,   CuCO,.Cu(OH),  or   2CuO.CO..H,0  = 
Carbon  dioxide  19*9,  cupric  oxide  71'9,  water  8*2  =  100. 


r.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flaiue  emerald- green;  on  charcoal  is  reduced  to  metallic  copper;  with  the  fluxes  reacts  like 
cuprite.    Soluble  in  acids  with  effervescence. 

Diff. — Chai'acterized  by  green  color  and  copper  reactions  B.B. ;  differs  from  other  copper 
ores  of  a  green  color  in  its  effervescence  with  acids. 

Obs.— Common  with  other  ores  of  copper  and  as  a  product  of  their  alteration  ;  thus  as  a 
pseudomorph  after  cuprite  and  uzurile.  Occurs  abundantly  in  the  Ural;  at  Chessy  in 
France;  in  Cornwall  and  in  Cumberland,  England;  Rheiubreitbtich;  Dillenburg,  Nassau: 
Bctzdorf  near  Siegen.  At  the  copper  mines  of  Nizhni  Tagilsk;  with  the  copper  ores  of 
Cuba;  Chili;  at  the  Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  If,  Jeney,  at  Schuyler's  mines,  and  at  New  Brunswick.  In  Penniyltania,  at 
Corowail,  Lebanon  Co.;  at  the  rerkiomen  and  Phenixville  lead-mines.  In  Wigcannn^hX 
the  copper  mines  of  Mineral  Point,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular 
crystals,  with  calcite  at  the  Copper  Queen  mine.  Bisbee,  Cochise  Co.,  Arigana;  also  in 
Graham  Co..  at  Morenci  (6  m.  from  Clifton),  in  stalactitic  forms  of  malachite  and  azurlte 
in  concentric  bands.  At  the  Santa  Rita  mines.  Grant  Co..  and  elsewhere  in  New  Mexico, 
Tin  tic  district,  Utah,    Named  from  jaaXaxi},  fnalUncs,  in  allusion  to  the  green  color. 


AZURITfi.    Eupferlasur  Oerm, 
Monoclinic.    Axes :  a:t:d  =  0  8501  : 1  :  0-8805;  /3  =  87**  36'. 
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M',  221  A  221  =    73-  56'. 

fn\ 


OrystaU  varied  in  habit  and  highly  modified.  Also  massive,  and  presenting 
imitative  shapes,  having  a  columnar  composition;  also  dull  and  earthy. 

Cleavage:  p  (021)  perfect  but  interrupted;  a  less  perfect;  m  in  traces. 
Fracture  conchoid al.  Brittle.  H.  =  3-5-4.  G.  =  3'7T-3'83.  Luster  vitreons, 
almost  adamantine.  Color  various  shades  of  azure-blue,  passing  into  Berlin- 
blue.     Streak  blue,  lighter  than  the  color.     Transparent  to  subtranslucent. 

Comp..-Basic  cupric  carbonate,  2CuC0,.Cu(0H),  or  3Cu0.2CO,.H,0  = 
Carbon  dioxide  25*6,  cupric  oxide  69*2,  water  5  2  =  100. 


etc. — Same  as  in  malacliite. 

Siff.— Characterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
BE. 

Oba. — Occurs  in  splendid  crystallizations  at  Chessy,  nenr  Lyons,  whence  it  derived  the 
name  Che$aiff  Copper  or  eheuylite.  Also  in  fine  crystnls  in  Siberia;  Moldawa  in  the  Bnnat; 
At  Wheal  Bnller,  near  Rerfrutli  in  Cornwall:  in  Devonshire  and  Derbyshire,  England; 
Cobar  mioeB  and  elsewhere  in  New  South  Wnles;  South  Australia. 

Occurs  in  Penn,^  at  Phenixville,  in  crystals.  In  N.  Jerney,  near  New  Brunswick.  In 
WiiCimiint  near  Mineral  Point.    In  Ariaaiui,  at  the  Longfellow  and  other  mines  in  Qraham 
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Co. ;  with  malachite  in  beautiful  crystuls  at  the  Copper  Queeu  iniue,  Bisbee.  lu  Grunt 
Co.,  New  Mexico.  At  the  Muintuuth  iiiiue  iu  the  Tiutic  district,  Utah,  lu  California, 
Cahivenis  Co.,  at  Hughes's  mit)e.  iu  crystals. 

Aurichalcite.  A  basic  cjirbounte  of  zinc  uud  copper,  2(Zu,Cu)COa.8(Zu,Cu>.OII),. 
In  dnisy  incrusiations.  G.  =  3  54-3  04.  Luster  pearly.  Color  jwile  green  to  sky-blue. 
Kron»  ihc  Altai;  Chessy,  near  Lyons:  liezbanya.  Hungary;  and  elsewhere.  In  the  U.  S.,  at 
L:uica.s(er,  Pa.;  tije  Santa  Caterina  Mis.,  Arizona;  Beaver  Co.,  Utah. 

Hydrozincite.  A  basic  zinc  carbonate,  perhaps  ZnC03.2Zn(OH),.  Massive,  Hbrous, 
earthy  or  compact,  as  incrustations.  G.  =  3o»-3  8.  Color  white,  grayish  or  yellowish. 
Occurs  at  mines  of  zinc,  as  a  result  of  alteration.  In  great  quantities  at  the  Dolores  mine, 
Santander,  S|)ain.     In  the  U.  S.,  at  Friedcnsville,  Pa.;  at  Linden,  in  Wisconsin. 

Hydrocerussite.  A  basic  lend  carbonate,  probably  2PbC0a.Pb(0H),.  In  thin  colorless 
hexagonal  plates.  Occurs  as  a  <nating  on  native  lead,  at  Ldngban,  Sweden;  with  galena 
at  Wanlockhead.  Scotland. 

Dawsonite.  A  basic  carbonate  of  aluminium  and  sodium,  NaaAl(C09)3.2Al(OU)s. 
In  thin  incrustations  of  white  radiating  bladed  crystals.  G.  =  2'40.  Found  on  a  feldspathic 
dike  near  McGill  College,  Montreal.  From  the  province  of  Siena,  Piao  Castagnuio, 
Tuscany. 


Thermonatrite.     Hydrous  sodium  carbonate,  Xa^CO, -f  H,0.     G.  =  l'5-r6.     Occurs 

in  various  lakes,  and  as  an  efflorescence  over  the  soil  in  many  diy  regions. 

Nesquehonite.  Hydrous  magnesiun\  carbonate,  MgCOj  -h  3H,0.  In  radiatinc  groups 
of  prismatic  crystals.  G.  =  1*83-1 '85.  Colorless  to  white.  From  a  coal  mine  at  x^^sque- 
honing,  Schuylkill  Co  ,  Penn.     See  lansfordite,  p.  367. 

Natron.  Hydrous  sodium  carbonate,  NaaCOj  -f-  lOHaO.  Occurring  in  nature  only  in 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mixed  with  the  other  sodium 
carbonates. 

Pirssonite.  CaCOa.NaaCOs  2HaO.  In  prismatic  crystals,  orthorhombic-hemimorpbic. 
Colorless  to  white.     Borax  Lake,  San  Bernardino.  California. 


QAY  LUSSITB. 

Moiioclinic.     Axes  a\l:i=  1-4897  :  1  :  1*4442;  /?  =  78°  27'. 

71».  720.  y^^n,  uQ  A  no  =  nv  KK. 

ee\  Oil  AOil  =1(>9'80'. 
me,  110  A  011=  42*  21'. 
rr",      113  A  112=    69*  2^. 

Crystals  often  elongated  I  d;  also 
flattened  wedge-sliaped.  Cleavage: 
in  perfect;  c  rather  difficult.  Frac- 
ture  conchoidal.  Very  brittle.  H.  = 
2-3.  G.  =  1-93-1 -95.  Lnster  vitre- 
ous.  Color  white,  yellowish  white. 
Streak  iiucolored  to  grayish.     Translucent. 

Comp. — Hydrous  carbonate  of  calcium  and  sodium,  CaCOj.Na.COi  +  511,0 
=  Calcium  carbonate  33-8,  sodium  carbonate  35*8,  water  30*4  =  100. 

Pyr..  etc. — Heated  in  a  closed  tuln?  decrepitates  and  becomes  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  Dissolves  in  acids  with  a 
brisk  effervescence;  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obs.— Abundant  at  LMgunllla,  near  Merida.  in  Venezuela,  in  crystals  dfssfminated  at 
the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao.  Also  abundant  in  Little  Salt 
Lake,  or  Soda  Lake,  in  the  Carson  desert  near  Rjietown,  Nevada,  deposited  npoD  the 
evaporation  of  the  water.     Named  after  Gny  Lussac.  the  French  chemist  (1778-1850). 

Lanthanite.     Ln,(C09)i  -f  9HaO.      In   thin   tabular  crystals;    also  granular,   earthy 
Q.  =  2*605.    Color  grayish  white,   pink,   yellowish.    Found  coating  cerite  at  ^itnfat 
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Sweden;  with  zinc  ores  of  the  SaucoQ  valley,  Lehigh  Co.,  Pa.;  at  the  Sandford  iron-ore  bed. 
Moriah.  N.Y. 


TRONA.    Urao. 
Monoclinic    Axes:  a:i:d=  2*8460 :  1 :  2-9700;  /3  =  77°  23'. 

ca,    001  A  100  =  77' 23'.  72i 

CO,    001  A  ill  =  75' 581'. 
«>",  ill  A  Hi  =4^851'. 

Often  fibrous  or  columnar  massive. 

Cleavage:  a  perfect;  o,  c  in    traces.    Fracture 
uneven  to  subconchoidal.     H.  =  2-5-3.     G.  =  2*11- 
214.     Luster  vitreous,  glistening.     Color  gray  or  yellowish  white.     Translu* 
cent.     Taste  alkaline. 

Comp.— Na,CO,.HNaCO,  +  2H,0  or  3Na,0.4C0..5H.O  =  Carbon  dioxide 
38-9,  soda  41-2,  water  19*9  =  100. 

Obatard  esUiblished  the  above  composition  for  urao,  and  showed  that  trona,  sometimes 
called  ''sesquicarbonate  of  soda/'  is  nu  impure  form  of  the  same  com|x>und. 

Pyr..  etc.^In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparls  an 
fu tensely  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  with  moistened  test-paper. 

Oba. — Found  in  the  province  of  Fezznn,  Africa,  forming  thin  superficial  crusts;  at  the 
bottom  of  a  lake  at  Laguuilla,  Venezuela,  S.  A.  Efflorescences  of  trona  occur  near  the 
Sweetwater  river,  Rocky  Mountains.  An  extensive  bed  in  Churchill  Co.,  Nevada.  In 
fine  crystals  at  Borax  lake,  San  Bernardino  Co.,  California,  with  hauksite,  glauberite, 
thenardite,  etc. 

Hydromagnesite.  Basic  magnesium  carbonate,  8MgC0s.Mg(0H)s  -f  8II9O.  Crystals 
small,  tufted.  Also  amorphous;  as  chalky  crusts.  Color  and  streak  white.  Often  occurs 
with  serpentine;  thus  at  HrubschUtz,  in  Moravia;  at  Eraubat,  Styria,  etc.  Also  similarly 
near  Texas,  Pa.;  Hoboken,  N.  J. 

HydrogioberUte.  MgC03.Mg(0H),  -f-  2H,0.  In  light  gray  spherical  forms.  From 
the  neighborhood  of  Pollena,  Italy. 

Lansfordite.  3MgCOa.Mg(OH)9  -f  21H,0.  Occurs  as  small  stalactites  in  the  anthracite 
mine  at  Nesquehoniug  near  Lansford,  Schuylkill  Co.,  Penn.;  changed  on  exposure  to 
ncsquehonite. 

Zaratite.  Emerald  Nickel.  NiCO,  2Ni(OH).  +  4H,0.  In  mammillaryincrustet ions;  also 
massive,  compact.  Color  emernld-green.  Occurs  on  chromite  at  Texas,  Lancaster  Co. ,  Pa. ; 
at  Swinaness,  Unst,  Shetland,  and  elsewhere. 

Remingtonite.  A  hydrous  cobalt  carbonate.  A  rose-colored  incrustation,  soft  and 
earthy.    From  a  copper  mine  near  Finksburg,  Carroll  Co.,  Maryland. 

Tengerite.  A  supposed  yttrium  carbonate.  In  white  pulverulent  coatings.  On  gado- 
linite  at  Ytterby.    A  similar  mineral  is  associated  with  the  gadolinite  of  Llano  Co. .  Texas. 

Biamntite.  Wismutbspath  Oerm.  A  basic  bismuth  carbonate,  perhaps  Bi,0i.C0,.Ha0. 
Inrrustinir,  or  earthy  and  pulvenilent;  amorphous.  G.  =  6-86-69  Breitb.;  7*67  Rg.  Color 
white,  green,  yellow  and  gray.  Occurs  at  Schneeherg  and  Johanngeorgenstadt,  with  native 
bismuth,  and  at  Joachimsthal,  etc.  In  the  V.  8.,  in  So.  Carolina,  at  Brewer's  mine;  in 
Gaston  Co..  N.  C,  etc. 

UranothalUte.  2CaCO..U(CO0«.10H,O.  In  scaly  or  granular  crystalline  aggregates. 
Color  siskin-green.    Occurs  on  uraninlte  at  Joachimsthal,  Bohemia. 

Liebigite.  A  hydrous  carbonate  of  uranium  and  calcium.  In  mammillnry  conci-etions, 
or  thin  coatings.  Color  apple-green.  Occurs  on  uraninlte  near  Adrianople,  Turkey;  also 
Johanncreorgenstadt  and  Joachimsthal. 

Vosrlite.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aggregations  of 
cryslalllne  scales.  Color  emerald-green  to  bright  grass-green.  From  the  Ellas  mine,  near 
Jdachimstha],  on  uranlnite. 
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Oxygen  Salti. 
2.  8IUCATES. 

The  Silicates  are  in  part  etrictlj  anhydrc^is.  in  part  fajdrons,  as  the  zeolites 
and  the  amorphous  clavsy  etc.  Furti:er more,  a  large  number  of  the  silicates 
yield  more  or  less  water  upon  ignition,  a'^d  in  many  cases  it  is  known  that  thev 
are,  tiierefore,  to  be  regarded  a^  basic  <or  acid)  silicates.  The  line,  however, 
l>eLweeri  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  with  many  species  which  yield  water  upon  ignition  the  part  played  by 
the  elements  forminsr  the  water  is  as  vet  uncertain.  Furthermore,  in  the  cases 
of  sevr-nil  groups  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
S|)ecies  inimediatelv  after  the  others. 

Tills  chajiter  closes  with  a  section  including  the  Titanates,  Silico-titJinates, 
Titaiio-niobares,  etc.,  which  connect  the  Silicates  with  the  Niobates  anl 
Tantalates.     Some  Titanates  have  already  been  included  among  the  Oxides. 


Section  A.    Chiefly  Anhydrous  Silicates. 

I.  Diailicates,  Folysilicatei. 
n.  Metasilicates. 

TV.  Subsilicates. 

The  DisiLiCATES.  RSi,0,,  are  salts  of  disilicic  acid,  H,Si,0^,  and  have  an 
oxygen  ratio  of  silicon  to  bases  of  4  :  1,  as  seen  when  the  formula  is  written 
after  the  diialistic  method,  RO/2SiO,. 

The  PoLY-riLiCATES,  Ii.Si,0,.  are  salts  of  polysilicic  acid,  Il^Si.O,,  and 
have  an  oxygen  ratio  of  '•> :  1,  as  seen  in  CR0.3SiO,. 

The  MKT.\>rLiCATE?.  RSi(>,,  are  salts  of  metasilicic  acid,  H.SiO,,  and  have 
an  oxygen  ratio  of  2:1.     They  ha\e  hence  been  called  bisiiicates. 

The  OkTHo^ILI^ATEs,  R,Si<>„  are  salts  of  orihosilicic  acid,  H^SiO^,  and 
have  an  nxvirei,  ratio  of  1  :  1.  They  liave  hence  been  called  uniiilicaies.  The 
niaj'>rity  of  the  si  Urates  fall  into  one  of  the  last  two  groups. 

Fnr:ijermore.  tiiere  are  a  number  of  species  characterized  by  an  oivgen 
ratio  ^'f  less  than  1:1,  f.y.,  3  :  4.  2  :  3,  etc.  These  basic  species  are  gronped 
as  Su ij^i LI «.  AT KS  Their  true  posit it^n  is  often  in  doubt;  m  most  eases  tnev 
are  T»ri»ba'/iy  to  !>e  regarded  as  basic  salts  l>elonging  to  one  of  the  other  groui)S. 

liie  ar.M.ve  rlas>itication  oai:no:,  however,  be  carried  through  strictly,  since 
there  are  many  specie?  which  do  not  exactly  conform  to  anyone  of  the  groups 
naTnc'J,  iii.d  riftt-n  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  witliin  tlie  limits  of  a  single  group  of  8i>ecies,  connected  close! v 


>morpht 

compounds  of  these  extremes.  Similarly  of  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosilicates,  since  the  majority  of  the  oomponnds 
observed  approximate  to  that  type.    The  micas  form  another  example. 
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L  DUdlloates,  BSi,0..    Folysilicates,  R,Si,0.. 

PBTAUTB. 

Monoclinic.  Crystals  rare  (castorite).  Usually  massive,  foliated  cleavable 
(petalite). 

Cleavage :  c  perfect;  o  (201)  easy,  z  (S05)  difficult  and  imperfect.  Fracture 
imperfectly  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2 -39-2  46.  Luster 
vitreous,  on  c  pearly.  Colorless,  white,  gray,  occasionally  reddish  or  greenish 
white.     Streak  uncolored.    Transparent  to  translucent. 

Comp— LiAl(Si,OJ,  or  Li,O.Al,0,.8SiO,  =  Silica  78-4,  alumina  18-7,lithia, 

4-9  =  100. 

P3rr.,  etc. — Gently  hented  emits  a  blue  pliosphoresceut  light.  B.B.  ou  charcoal  becomes 
fplassy,  subtrnnsparent,  and  white,  and  melts  only  on  the  edges;  gives  tlie  reuciion  for 
nthia.     With  borax  it  forms  a  clear,  colorless  class.     Not  acted  on  bv  acids. 

Obs. — Petalite  occurs  at  the  iron  mine  of  Ut5.  Sweden,  with  lepidoUte,  tourmaline, 
spodumene,  and  quartz;  on  Elba  {eastorite).  In  the  U.  S.»  at  Bolton,  Mass..  with  scapolite; 
at  Peru,  Maine,  with  spodumene  in  albite.  The  name  petaliU  is  from  neraXov,  a  leaf^ 
alluding  to  the  cleavage. 

BCilarito.  HECa,Al,(S{«Oe)«.  In  hexagonal  prisms.  H.  =  5*5-6.  G.  =  3  55-2*59. 
Colorless  to  pale  green,  glassy.     From  Val  Giuf,  Orisons.  Switzerland. 

Endidymite.  HNaBeSisO^.  In  white,  glassy,  twinned  crystals,  tabular  in  habit. 
H.  =6.  G.  =  2*658.  Occurs  very  sparingly  in  eUieolite-syenite  on  the  island  OvreArO, 
io  the  Laogesuodfiord,  Norway. 

Epididjrmite.  Same  composition  as  eudidymite.  Orthorhombic.    Southern  Greenland. 


Feldspar  Group. 
a,  Monodinic  Section, 

OrthodaM  KAlSi.O,  0*6585  :  1  :  05554  116^    3' 

C  (K,Na)AlSi,0, 

( {Na,K)AlSi,0, 

Hyalophanr  (K„Ba)Al,Si,0„        06584 :  1 :  05512  115**  35' 


Soda-Orthoclase 


p.  Triclinic  Sedion. 

Microcline  EAlSi.O. 

Soda-microcline         (K,Na)AlSi,0, 
Anorthodase  (Na,E)AlSi,0. 

Albite-anorthite  Series.    PlagioeUue  Feldspan. 

d :  h :  i  a  ft  y 

Albite  NaAlSi.O,  0-6335  :  1 :  0-55T7    94°     3'   116°  29'   88°    9' 

OligoelaM    "I  0-6321  :  1 :  0*5524    93°     4'   116°  23'   90 


°   5' 


Andefine 


(fnCaA/li*0")      0-6357  :  1  :  05521    93°   23'    116°  29'   89*59' 

labradoritej  0-6377:1:0-5547    93°   31'   116°    3'   89°54i' 

CaAl,Si,0,  0-6347  :  1  :  0-5501    93°    13'    115°  55'   91°  12' 


Celiiu  BaAl,Si,0.  90^^ 
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DESCBIPTIVU   ItlSERALOQY, 


'i'hc  general  charactera  of  the  epecies  belonging  in  the  Feldbpab  Grouf 
are  na  follows: 

1,  VryitiiUization  in  the  monoclinic  or  triclinic  systems,  the  crystals  of  the 
(litTcrent  species  reBcinbliog  each  other  closely  iu  angle,  in  geuenu  habit,  and 
in  methods  of  twinning.  The  prismatic  angle  in  all  cases  differs  hut  a  few 
degrees  from  Cu"  and  ]3C°. 

i.  Cleavage  in  two  similar  directions  parallel  to  the  base  c  fOOl)  and  clino- 
pinacoid  (or  bracliypinucoid)  b  (010),  inclined  at  an  angle  of  90°  or  nearly  ifO". 
3,  Hardness  between  6  and  65.  4,  Specific  Gravity  varying  between  3  5  and 
2  !),  and  mostly  between  2'55  and  275.  5,  Color  white  or  pale  shades  of 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  alu- 
ni  iu  ill  m  with  either  potassium,  sodium,  or  calcium,  and  rarely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  sereral 
distinct  B|iecie8  there  are  many  intermediate  compounds  having  a  certain 
independence  of  character  and  yet  connected  with  each  other  by  insensible 
gradittions;  all  the  members  of  the  series  Bhowing  a  close  relationship  not  only 
iu  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  and 
second  with  reference  to  composition.  The  monoclmic  species  include  (see 
above):  Orthoclase,  potassium  feldspar,  and  Soda-okthoclase,  potassium- 
sodium  feldspar;  also  Hyalophane,  barium  feldspar. 

The  triclinic  species  include :  Michoci.ine  and  Anorthoclasb,  }>otas8ium- 
sodium  feldspars;  Albite,  sodium  feldspar;  Anorthite,  calcium  feldspar; 
Celsian,  barium  feldspar. 

Also  intermediate  between  albite  iind  anorthite  the  isomorphons  sub-species, 
eoil in ni -calcium  or  calcium-sodium  feldspars:  Oligoclase,  Akdebine,  Labra- 
dohite, 

a.  Monoclinic  Section. 


ORTHOOI.ASB. 

Monoclinic.     Axes  «  :  i  :  <!  =  0*6585  :  1  :  0-5554;  fl  =  63"  57'. 
723  733.  734.  736. 


001  A  021  =  tr  Ml'. 
021  A  021  =8«''58'. 
001  A  110  =  «7' 4T. 
001  A  ill  =  53°  141'. 


Twins:  tw.  pi.  (1)  a  (100),  or  tw.  aiis  i,  the  common  Carlsbad  twins, 
either  of  irregular  jwnetrution  (Fig.  72T)  or  contact  type;  the  latter  nsanlU 
with  b  as  composition-face,  often  then  (Fig.  728)  with  c  and  x  nearlj  ia  a 
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plane,  bat  to  be  distinguished  by  luater,  cleavage,  etc.  (2)  n  (021),  the  Bnveno 
twins  forming  nearly  square  prisma  (Fig.  7^9),  since  en  =  44  50^',  mid  hoiiue 
cc=  89°  53';  often  repeated  as  fourtiiigs  (Hg.  417,  p.  120),  also  in  sqiiiire 
prisms,  elongated  ||  o.  (3)  c  (001),  the  MimeOavk  twins  (Fig.  73u},  usually 
contact-twins  with  c  as  comp.-face.     Also  other  rarer  laws. 

Crystals  often  prismatic]]  i;  sometimea  orthorhombic  in  aspect  (Figs.  723, 
736)  since  c  and  x  are  inclined  at  nearly  equal  angles  to  i;  also  elongated  ||  a 
(Fig.  736)  with  h  and  c  nearly  equally  developed;  also  thin  tabular  ||  />:  rarely 
tabular  |   a,  a  face  not  often  observed.     Often   massive, 
coarsely  cleavable  to  granular;  sometimes  lamellar.     Also  '^^ 

compact  crypto-crystalline,  and  flint-like  or  jaaper-like. 

Cleavage:  c  perfect;  b  somewhat  less  so;  prismatic  ni 
imperfect,  but  usually  more  distinct  parallel  to  one  pris- 
matic face  than  to  the  other.  Parting  sometimes  distinct 
parallel  to  a  (100),  also  to  a  hemi-orthodome,  inclined  a 
tew  degrees  to  the  orthopinacoid ;  this  may  produce  a  satin- 
lilte  luster  or  schiller  (p.  100),  the  lat.ter  also  often  present 
when  the  parting  is  not  distinct,  {"racture  conclioidal  to 
uneven.  Brittle.  H.  =  6.  G.  =  2'.57.  Luster  Titreous; 
on  c  often  pearly.  Colorless,  white,  pale  yellow  and  flesh- 
red  oommoD,  gray;  rarely  green.  Streak  nncolored. 
lil.  72B.  529. 


Optically  negativa  (Bx»  =  a)  in  all  cases  (Fig.  731).     Ai.  pi.  usually  J_  b, 
•131  sometimes   I  b,  also  changing  from  the  former  to 

the  hitter  on  increase  of  temperature  (see  p.  'lii). 
For  adularia  (Di)  Bi^,  A  (^  ^  -  «!)''  1 1',  Itx^b,  A 
I  =  —  69°  37'.  Hence  Bx.  and  the  eitinction- 
direction  (Fig.  731)  inclined  a  few  degrees  only  to 
&,  or  the  edge  b/u;  thus  +  3°  to  -j-  7"  usually,  or 
■■  up  to+  10°  or  +  12°  in  varieties  rich  in  Na,0. 
Dispersion  p  >  v\  also  horizontal, strongly  marked, 
or  inclined,  according  to  position  of  ax.  pi.  Axial 
angles  variable.  Birefringence  low,  y  —  a  =  0'007 
-  0005.     For  adularia  (Ds). 

<rr-l'5190.     ifl,  =  15a37.     y,  =  1-5360. 
.-.  9V,  =  66*'43'.    3Ey  =  l3r6'. 

CoMp>.  T«r. — A  silicate  of  aluminium  and  potassium,  EAISt,0,  or 
K,0.A1  0,.6Si0,  =  Silica  64-7,  alumina  18-4,  potash  lG-9  =  100.  Sodium  is 
often  also  present,  replacing  part  of  the  potassium,  and  sometimes  exceeds  it 
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<  soda-orthoclase 


in  amoDDt;    tfaeae  varieties  are  emltraced   under  tl 
(Natronorthoklafi  Germ.). 

Tliu  pri>mineLit  varieties  depcui)  upon  cryslnllioe  habit  uud  method  ot  otxiirrence  mure 
'   n  upuii  iJlltereiioe  or  (iiiinpoallion, 

'.  kiluUiria.  Tlie  pure  or  neiirly  pure  poliisslum  silicate.  Usunlly  in  (tvsIaIb.  like 
736  in  liBbit:  oflen  willi  viuiuHl  pluUEii;  Bhtuuu  ivviua  coiniiioti.  U.  =  2-505.  Tnui«- 
p«r«ut  or  uearly  wi.  Oflca  willi  ti  pearly  uimleauiut  rcfl«i'liou  or  Bclilller  or  u  ilcUotlc  piny 
of  colors;  some  niooruforM  is  liere  liicltidvil,  but  ilie  retiiniiuter  lieluNgs  to  iilbiie  ornUiifruf 
Ibe  irivliuic  felilapiirg.  TIie  oilgiuat  mtiilarlu  (Adulnn  ia  rroiii  Uie  St.  Qutbiinl  ragiuu  iu 
gwjlxerluud.      Vakncianile,  from  liie  slUtr  luiite  of  Valeucla,  Mexico,  ie  adiilnria. 

3.  ihiiiidiM  or  olaig  J'eldipar.  Oi^uia  JD  crystala,  ofieo  Irauspnreut  iind  glxwy, 
Jembi-dilcd  lii  rliynlile,  tmcliyiu  (iis  of  tlie  Slcbeugebfrgi-),  phoimliie,  t&c..  Hublt  otieu 
labiilnr  |  b  (lietice  named  frum  aavii.  n  tahUt.  m  board);  ulso  lu  aijunre  prisms  (6,  e);  Curli. 
bod  twins  eoiiimon.  Most  vurieiies  coutflia  suiliumas  n  promiQeut  cOQBtiiueul,  nud  bcnce 
belong  lo  Ihe  Wn-orlhocinse. 

BhyiK^liU.  Eistpath  Werner.  Occurs  iu  glnssy  crystals  nt  Hontc  Sommn;  iiHmed  from 
Itvai,  itraam  (Iatk  siresm). 

3.  Ordinary.  Iu  I'rysluU,  Curlsbiid  and  Dtlicr  tnlus  commoD;  alan  massive  or  cIciiTablv, 
vnryliigin  color  from  white  lo  pale  yellow,  ri-'diirKrceu.lraiisliiceni;  anmelimi'S  afentiiriiic. 
Here  IkIouks  'he  common  feldspitr  of  gninitoid  rocks  or  gmnire  velas.  Usuiilly  coDtHJns  it 
greater  or  les»  perceainge  oF  smln  (aodii-ortliocln«e).  Cnmpnct  cryplocryslidline  orlhoc1«te 
makes  up  tite  hubs  of  much  felsile,  but  to  ii  greiiier  or  \m&  deem  ndinixed  wlili  quartz:  of 
various  colni's.  from  while  und  brown  lodeep  red.  Much  of  what  biia  lieeD  CAlled  ortbu- 
cIhsc.  or  uuiumon  pniiish  fi-ld^par,  has  proved  lo  belong  to  ilie  related  irielinic  apeoiet, 
■nicn>cllne.  Cf.  p.  374  on  the  relaltous  of  Uic  two  B|)edes,  CUesterlile  and  AmnKOti  sIoim 
arc  rolcrocline;  also  most  aveniuiiiie  nriliuciase,  Jjaoeiaas  cnntnlna  *>dtuni  in  Mitisidenililc 
amount  IT'S  NuiO).  From  Hammond,  St.  Liiwrence  Co.,  N.  Y.  ifureAitenflt  is  n  Ilusli- 
red  feldspar  similar  to  jwrlhile  (p.  373>,  with  cold  yelloiv  retleclionii  la  a  direction  ±  b  nuil 
nearly  parallel  to  701  or  801  (p.  371}.     From  DuwIUli  and  Ei:el£r.  Eniclaiid. 

The  splieruiUes  noted  in  £ome  volcanic  rocks,  as  iu  Uie  riiyolile  of  Obsfdinn  Cliff  In  the 

Tellowaioiie  riirtt,  ure  beliurcd  to  wueist  craeutiully  of  orihoclase  needtos  with  qimrU' 

These  are  ubowu  in  Figs.  733  ond  TSA  (from  Iddiugs;  much  magnified)  aa  Iticr  npiMwr  la 

poliirizi'd  light  (i:T(««cd  uicols). 

■732 


Pyr 

U'.eH  ni  .1 

Diff- 


fu  v%  nl  ."i;  viirielies  eonlaining  mncb 

il  upon  by  acids. 

zcil  by  its  crygiidllne  form  ard  Ibr  two  cleavaei 

mrdi!  and  .-Mb-iiP;  iini  nUurk.a  !■"  "-'-t^'  -li" 


iH-k".  no  crnnllc  and  gnc  Ij*. 


SILICATES. 


Ulllne  rod^^^l 
f  uitber  (t^^^^^H 
ni  Id  dtattncl^^^^ 


Oh*. — OrlLoclnse  in  fis  several  Tsrlelies  belongs  especlallj  to  iLe  cryBtallint 
nccuniog  >s  an  eaaenll&l  conslUuent  uf  gi-nnile,  ^ulis,  «^'enile.  also  pOTpljjry,  f urlber  (i 
tanidiiM)  iracbyto.  pbunollte,  etc.     lu  tlie  msssive  graniloid  rucks  it  h  seldoni  '-  -"-*' 
well-formed,  B4]piirable  cryatnlB,  except  id  vefas  und  cnviliea;  eucIi  cijeiols 
moil,  liowwer,  lu  volcanic  rochs  like  trscliyle. 

Adviaria  uccura  in  tbe  crvstftllinc  ixickg  of  the  ceDlrtil  and  eastern  Alps,  SESOcialed  wfth 
eraoky  quartx  and  albJle,  alao  lltauite,  ap&lite,  etc.:  (be  crystals  are  ofleu  coitted  wilb 
cblurjle;  also  on  Elbtk.  Elne  crystftls  of  orlboclose,  often  iwiiis.  are  obtaiued  froDi  Baveno. 
Lugo  UaKgi'>i'B:  Ibe  FlefmBihal,  a  red  variety:  Valfluriuoa:  BodeomaU,  Carlslini' 
£ltKigeD  ID  Bobemiii:  Strlegaii.  etc..  in  SlWa.     Also  Arendal  la  " 

Sbaimnsk  lutiie  Ural;  Laud's  F^  -""    ' '- " "    "  -  *' 

wJtL  bcryt  niid  Iomz.     From  ' 
Mooa»t<mt  la  brougbt  from  Ceyli 

Iti  tbe  U.  Btates.  orlbuclasu  is  cnnnnoo  In  the  cryBtalliiie  mcka  of  N«w  EngTaud,  niso  of 
Stales  suutb,  furiber  Culorudo,  CaliforDia,  etc.  Tuns  at  (be  Paris  tourniHlioc  locality.  lu 
A.  llamp.,  at  Acwortb.  In  Ua*i.,  at  Boutb  iiovalstoii  aud  Barif,  In  Conn.,  at  Uaddsm 
aud  Middletown,  in  large  coar^ie  crystals.  In  JV;  Fork,  in  6t.  LanreuceCo..  at  Rossle;  at 
llnmmond  {tatoelate);  in  Lcwia  Co.,  la  white  limeslone  near  Nalurni  Bridge;  nt  Amity  and 
Edenvllle.  In  Ann.,  to  crystals  at  Leipervllle.  Mineral  Hill,  Delnvare  Co.;  tuu^liiDe  in 
Keiioelt  Township.  In  If.  Ctr.,  at  Washington  Mine,  David»in  Co.  In  Colorado,  at  Ibe 
auniuilt  of  Mt.  Aalero,  Chaffee  Co.,  in  flue  crystals,  oileo  iwlns;  at  Qunnlson:  Black  Hawk; 
Kokoma.  Bummit  Co.,  also  at  other  points,     A'so  similarly  In  Nevada  aud  Callfoinia. 

Orthoclase  is  frequently  altered,  especially  thioiigb  the  aciiou  of  carbunalid  or  alkaline 
wateni;  the  final  reauU  Is  ofleu  tbe  removal  of  tbe  potasih  and  the  fonnallon  of  kiiolln, 
Sicatite,  talc,  chlorite,  leudte.  mica,  Inumontiie,  occnr  as  pseudomorpbs  afier  onhochise: 
and  cnssiierlie  and  calcllc  often  replace  these  feldspars  by  some  process  of  soluiiou  aud 
subatllution. 

Pkrtijitg.  As  first  descrllred,  a  fleah-red  aveclnriue  feldspar  from  Perth,  Oolario, 
Cnnada,  called  a  soda-ortboclase,  but  shown  by  Gerhard  to  conElst  of  iutei laminated  ortho- 
clnse  and  nlblte.  Many  similar  occurrences  have  since  been  uoled.  as  also  those  In  whicb 
mlcrocline  and  albite  are  similarly  iulerlainlDaled,  the  latter  called  micredint-jtrrthite.  or 
w if  nwllne-al bile- perl h lie:  tbis  Is  true  in  part  of  the  original  pertbile.  WLen  the  striiciure 
is  discernible  only  witb  (be  help  of  tbe  microscope  it  Is  called  micrcptritiile.  BrOi'ger  lins 
invratlgaled  uot  only  Ibe  micropenhltes  of  Norway  (OrthoklBsmikropeiihit.  Mlktuktin- 
mikroportblt),  but  also  other  feldspars  characterised  ny  a  marked  scbiller;  be  at^sumcs  Ihe 
existence  of  an  extremely  fine  Interlamlualion  of  nlblto  anil  ortboclase  1 801,  not  disceiuible 
by  Ibe  microscope  (oryploperlbite),  and  connected  willi  si'condary  planes  of  parting  1 100  or 
I'^l,  which  la  probably  to  beexplalued  as  due  lolncipieul  nllemtion. 

Byalophan*.  (E,,Ba)AI,(BiO,),  or  K.O.BaO.SAUO,  SSiO,.  Silica  Gl -6,  alumina  21-9, 
b;tryta  161.  [wtash  101  =  100.  lu  eryslais,  like  adularia  in  habit  (Pig.  726,  p.  870);  also 
mas>iTe.  Cleavage:  e  perfect;  b  stjmewbnl  less  an.  H.  =  6-B-5.  l).  =  3  805.  Occurs  ia 
ngrannlar  dnlomtte  !u  tbeBinnenthal,  Switzerland:  also  at  Ihe  manganese  mine  of  Jakoba- 
U.Tg.  Sweilcii.  Some  other  feldspars  containing  7  to  15  p.  c.  BaO  have  been  described  (cf, 
aUu  (Nslaiau,  p.  ""' 


BStOBOOUNE. 


/)-  Trle^iiilc  Sei^ion. 


Tridinic.  Near  orUiocliise  in  aiigloB  nnd  Iiabit,  but  the  angle  he  =  abont 
SS"  30'.  Twins:  like  orthoclase,  also  polyayn thetio  twitiDing  acconliiig  to  the 
albiLu  and  iimclitie  laws  (p.  37i)),  common, 
producing  two  Berlea  of  fine  laniollce  neiirly 
at  riglit  angles  to  each  other,  lieiice  the 
channiteriatio  grating-stractnre  of  a  biisal 
section  in  polnriEed  light  (Fig.  734).  Also 
maa^ive  clonvable  to  grnnnlar  compact. 

Cleavage:  e  {lerfect:  b  somewhat  lees  bo; 
Jf  (lIO)  flonietinif<s  distinct;  m  (110)  ^so 
/■ometimes  di^iuct,  hut  less  easy.  Fracture 
nnoven.  Brittle.  H.  =  6-6-5.  0.  =2-.'>4-S-.i;. 
I.itnter  vitreoHB,  un  t  eometimcB  peurly. 
r  white  to  pale  cream-yellow,  also  red,  gr 


It     I 


Tranapareiit  to  translacetvt. 


3T4  DESCRIITIVE   MINERALOGY. 

Optically  — .  Ax.  pi.  nearly  perpendicular  (S^^'-SS®)  to  b.  Bxo  inclined 
!:>''  'ii}'  to  a  normal  to  b.  Dispersion  p  <  v  about  Bxo.  Extinction-angle  on 
r,  +  l.V  30';  on  />,  +  b'  to  G^  (Fig.  739,  p.  375).     2U^r  =  88"  to  89%  Dx. 

The  cs^^ciitial  identity  of  orlhoclHse  nnd  inicrocline  has  been  urged  by  3lHllard  uml 
Michel  Levy  on  the  ground  that  tlie  i»r<»peiiie8  of  the  former  would  belong  to  au  aggregtite 
of  submicTosi-opic  twinning  lamellue  of  the  latter,  according  to  the  albite  and  pcricliue  la\i>. 

Comp..  Tar.— Like  orthoclase,  KAlSi,0,  or  K,O.Al,O..CSiO,  =  Silica  647, 
alumina  18*4,  potash  16*9  =  lUO.  Sodium  is  usually  present  in  small  amount: 
sometimes  prominent,  as  in  soda-microcline. 

Pyr. — As  for  orthocla*'e. 

Diff— Resembles  orthoclase  but  distinguished  by  optical  characters  (e.g.,  the  grating 
stiiK-ture  in  polariziKl  light,  Fig.  7;U);  also  often  shows  tine  twinning- striations  on  a  basal 
>uifa«.-e  albite  law). 

Obs. —  ()('('ur>  under  the  same  conditions  as  much  common  orthoclase.  The  beautiful 
a'UtiMustone  from  the  Und,  also  that  occurring  in  line  groups  of  large  crystals  of  deep  coU>r 
in  the  gninite  of  Pikes  Peak,  Colorado,  is  uiicrocline.  ChtsterliU  from  Poorhouse  quarrj*. 
CIiej.ter  Co  .  Penn..  and  the  aventurine  feldspar  of  Mineral  Hill,  Penn.,  belong  here.  A  pure 
variety  occurs  at  Magnet  Cove,  Ark:ui$as.     Ordinary  microlinc  is  common  at  many  points. 

Anorthoclase.  A  triclinic  feldspar  with  a  cleavage-angle,  be,  varying  but  little  fn>m 
liO\  Form  like  that  of  the  ordinary  feldspai^s.  Twinning  as  with  orthoclase:  also  poly- 
>ynihe<ic  according  to  the  albite  and  ju'ricline  laws;  but  in  many  cases  the  twinning 
l:iminie  very  narrow  and  hence  not  distinct.  Rhombic  section  (see  p.  375)  inclined  on  b.  4* 
to  6'  to  ed.e  he.  G.  =  '2-5T-260.  I'leivage,  h  nlness,  luster,  and  color  as  with  other 
members  of  the  group.  Optically  — .  £xtinctii>n-angle  on  c,  +  5°  45'  to  -f  2°;  on  6,  6"  to 
li  '8.  Bx»  nearly  i  //.  Dispersion  o  >  t\  horizontal  distinct  Axial  angle  variable  with 
temperature,  becoming  in  part  moncx'iinic  in  opticral  symmetry  between  86"  and  264*  C, 
but  apiiu  triclinic  on  c(M>lin<::  this  is  true  of  tho>e  containing  little  calcium. 

Chietiy  a  soda-por:ish  tfMp:tr.  N;iAlSi.O.  mi. I  KAlSi,0*.  the  sodium  silicate  usually 
in  larirer" proportion  (2  :  1.  H  :  1.  elc.V  as  if  consist inir  of  albite  and  orthoclase  molecules. 
Calcium  iCaAltSivO^)  is  also  presmi  in  relntively  very  small  amount. 

These  triclinic  s<tda-|H)tash  feldspars  are  chietiy  known  from  the  andesltic  lavas  of 
Pantelleria.  Most  of  these  feldspars  come  fiom  a  loek,  culled  pantelleritc.  Also  prominent 
from  the  augite-syenite  of  southern  Nfirway  and  from  tlie  •'Rhomben-porphyr'*  near 
Christiania.  Here  is  referred  also  a  feld>p;ir  in  crystals,  tabular  |  e,  and  twiDoeci  according 
to  the  Mauebach  and  less  often  I$aveno  laws  occurring  in  the  liihophyses  of  the  rhyolyte  of 
Obsidian  Cliff,  Yellowstone  Park.  It  shows  the  blue  opalescence  m  a  directioiT  parallel 
with  a  steep  orthodome  tcf.  p.  871^. 

Albite-Anorthite  SericK.     Piagioclase  Feld9par$* 
Between  the  isomorphons  species 

Albite  XaAlSi.O,  Ab 

A:^oRTHiTE  CaALSi.O,  An 

there  are  a  number  of  intermediate  subspecies,  regarded,  txa  urgetl  by  Tscher- 
niak,  as  isomorphons  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  ihey  enter:  their  composition  is  expressed  in  general  bv  the 
formula  Al>„An,N.     Tiiey  are: 

Oligocla.sk  Ab.An^  to  AbjAn^ 

Andesixe  AbjAn,  to  Ab.An. 

Labradorite  Ab,An,  to  Ab.Ana 

and  Bvtownite  Ab.Aui  to  Ab.An. 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
witii  the  progressive  change  in  comi»osition  (and  s]»ecific  gravity),  there  is  also 

*  The  triclinic  fehlspars  of  this  serie-,  in  which  the  two  cleavages  b and  e  are  oblique  to 
each  other,  arc  often  cdled  in  general  phigiorla$e  (from  nXdyioi,  oHique), 
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s  corresponding  change  in  crystallographic  form,  and  in  certain  fundamental 

optical  properties. 

Crystalline  form.    The  aiial  ratios  and  angles  given  on  p.  369  show  that 

theae  triolinic  feldspars  approach  orthoolose  closely  in  form,  tne  most  obvious 

difTerence  being  in  tlieeleav-  ^^g  ^3^ 

ugc-uiigle  be,  which  la  00"  in 

orthoclase,  86°  24'  in  albite, 

and    S5°    50'   lu    anorthite. 

There  is  also  a  change   in 

the  nxiul  angle  y,  which  is 

m"  in  albite.  about  90°  in 

oligoctnse  and  andesine,  and 

[ir     ill     anorthite.       This 

transition  appears  still  more 

strikingly  in  the  position  of 

the  "rhombic  section,"  by 

which  the  twins  according 

(o    the    pericline    law    are 

united  iw  explained  below.  Plaglocliise  wild  twinning  l.imellir.  Fi^.  TS.'i  aeciiou  le 
Ttrinnina  The  nlaWo-  <**"  «"""*"J  vibralion-.hiwiio.m  c-f.  Fig.  739),  orJi- 
iiiinntHg.     ine  pLa^io-  ,[  ,,     ^j     73Hgecii(iD  in  polariKed  light 

clue    feldspars    are    often  j    »  b  k  b 

twinned   in    accordance   with   the  Carlsbad,   Baveno,   and    Manebnch    laws 

oommon  with  orthoclase  (pp.  370,  371).     Twinning  is  also  almost  universal 

According  to  the  n!bite  law — twinning  plane  the  brachypinacoid ;  this  is  nsu- 

ally  polysynthetic.  i.e.  repeated  in  the  form  of  thin  lamella,  giving  rise  to  fine 

striationa  ou  the  basal  cleava^  surface  (Figs.  ?35,  736).     Twinning  is  also 

common  according  to  the  pericline  law — twinning  axis  the  macrodiagonal 

axis  h;  when  polysynthetic  this  gives  another  series  of  fine  striations  seen  ou 

tbdbracbypinacoid. 

Tbe  compodtioD -plane  la  tijia  pericline  Iwiiiiiliig  U  nplnnepssfiiDglbroiigb  tljecrystul  in 

■uch  a  direction  Ibnt  its  Interscctioua  vcltli  llie  prismn(<c  fnccs  and  iLe  bractj;pi]]acoid  make 
&Ip1uDenngl«Bnl1heiiclio'ber.    The  piisiiion  of  litis  rliomblc  sectioD  ftodtbe  consequent 

■"  ■-'  ■''-  -■""■i-"""  -n  ilie  limcliypinico'd  cliaui'e  rapidly  wilL  a  Hmall  Tsrislion  In 

,  mny  lie  bhIiI  lo  be  npproxtmnlely  parallel  lo  thi-  base,  but  In 
Hid  738*)  aud  in  anorthitf  to  the  front  (-,  Fig, 

738):   fur  llie  iulerinedlate  species  lU  positliia  varies  progressively  witb  tbe  cnmpoeitlon. 

Tliui  for  Ibe  migie  lielween  Ibe  trace  of  Ibis  pkne  ou  tlie  brncliypinacold  and  tlis  edge  b/e, 

we  bavo  for  Albite +  32*10  + SO":  (or  Ollgoclas-   '"'■-'   "■•-   '-  .--■-■--    i    •• - 


i>f  Ibe  siriiilions 


S*;  for  Labiadorite  -  fl°  to  —  10";  for  Anonbilc  —  15'  to 
737. 


e  +  fl°Io  +  81';   for  Andpaioe 


m 


Tbe  facw  oF  Ibia  fundauieriutl  form  arc  olleu  Ivltered  as  tolbwa ;   c  (001)  =  P,  b  (.Q|(}\ 
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740. 


If  the  composition-plane  is  at  right  angles  to  tlie  twinning  axis  in  the  pericHne  twinning, 
tbe  polysyntlietic  lamellae  then  show  prominently  in  a  basal  section,  togetner  with  those  due 
to  the  albite  twinning.    Hence  the  grating  structure  characteristic  of  microcline. 

Optical  Cluiraciers.  There  is  also  a  progressive  change  in  the  position  of 
the  ether-axes  and  the  optic  axial  plane  in  passing  from  albite  to  anorthite. 

This  is  most  simprf  exhibited  by  the  position 
of  the  planes  of  light-vibration,  as  ol^erved  in 
sections  parallel  to  the  two  cleavages,  basal  c 
and  clinopinacoidal  b,  in  other  words  tlie  ex- 
tinction-angle formed  on  each  face  with  the 
edge  b/c  (cf.  Fig.  739). 

The  approximate  position  of  the  ether-axes 
for  the  different  feldspars  is  shown  in  Fig.  740 
(Schuster).  The  axis  c  does  not  vary  very 
much  from  the  zone  be,  but  the  axis  a  varies 
widely,  and  hence  the  axial  plane  has  an  en- 
tirely different  position  in  albite  from  what 
it  has  in  anorthite.  Furthermore  albite 
is  optically  positive,  that  is  c  =  Bx,  while 
anorthite  is  negative  or  a=  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90°. 

The  following  table  gives  the  percentage  composition  of  the  various  molec- 
ular compounds  of  albite  and  anorthite,  with  the  calculated  specific  gravity 
(Tschermak),  and  also  certain  of  the  optical  characters  connected  with  them. 
These  latter  values  were  calculated  bv  Schuster  from  an  equation  deduced  by 
Mallard,  in  which  certain  observed  values  were  assumed  as  fundamental  :* 


Albite 

Oligoclase 
albite 


Oligoclnse      < 


Andesinc 


Ratio  of  Albite 

to  Anorthite 

AbnAnm 

n  :  m 

1 

12 
6 

4 
2 

8 
1 


Percentage  Composition 


Extinction-ancle 
with  edge  e^ 


i 


Labradorite 

Bytownite 
Anorthite 


{ 


8 

1 

1 
1 

0 


0 

1 
1 

1 
I 

2 

1 

4 
8 

4 
8 

1 


G. 

2*624 

2  635 
2*645 

2-653 
2*671 

2*680 
2*694 

2*703 
2*728 

2  735 
2  747 

2-758 


8iO, 

68-7 

66*6 
64*9 

63-8 
59-9 

581 
55*6 

53*7 
49  3 

480 
45-9 

43  2 


Al.O, 

19*5 

20-9 
22*1 

231 
25*4 

26-6 
28-3 

29-6 
32*6 

33*4 
34-9 

36  7 


CaO 

0 

1-6 
80 

42 

7*0 

8*4 
10-4 

118 
153 

16-8 
18*0 

201 


Na«0  on  c  oub 

118        +4^*80'       -f.19'* 
10  9^       +8^*88'       -f  IS'^Sy 
100)  to  +    2'  45'  to  +  11*  59^ 

94 1      +1*55'       +    8Mr 
~    0*  85'  to  -    2*  15' 

2*  12*       -    ?•  58* 
5°  10*  to  -  16' 

)       _    7'  58*       -  20**  52' 
2  8  f  to  -  17'  40*  to  -  29'  28' 

2-8  i      -  21*    5'       -  9V  W 
1-2  J  to  -28*    4'  to-  88' 40' 

0         -  87'  -  86' 


7-7  f  to 

6*9)       - 
5*7  J  to - 

4  9 


Dlff. — In  ro^k  sections  the  plas^ioclase  feldspars  are  distinguished  by  their  lack  of  color. 
low  refractive  relief,  and  low  interferencc-colors.  which  in  good  sections  are  mainly  dark 
gray  and  scarcely  rise  into  white  of  the  first  order;  also  by  their  biaxial  character  in  con- 
verging light.  In  the  majoriiy  of  cases  they  are  easily  told  by  the  parallel  bonds  or  tine 
lamellae  which  pass  through  tliem  due  to  the  multiple  twinning  according  to  the  albite 
law;  one  set  of  bands  or  twin  lamellce  exhibits  in  general  a  dilTerent  interference-color 
from  the  other  (cf.  Figs.  735.  736).    They  are  thus  distinguished  not  only  from  quartz  an(i 


*  See  Tschermak.  Ber.  Ak.  Wien.  60  (1).  566. 1865;  Schuster,  Min.  MitCh..  3,  117.  1881, 
6.  189,  1882;  Mallard.  Bull.  Soc.  Min..  4.  96.  1881.  Also  MichelL6vy  and  oiher  authors 
referred  to  on  p.  212;  further,  G.  F.  Becker,  Am.  J.  Sc,  6.  p.  849,  May  1898. 


orthocIsM,  witb  wblch  ihej  are  ofien  associnted,  but  from  all  Ihe 


0-6335  :  1  :  0-5577;    a  =  94°  3',  ^  =  116°  2 


(|  e  (001)  aod  |  i  <OtO) )  IfaU  can  gcnerallj  be  done  by  determfnlng  tbe  e 

S.  SJS  and  Pig.  T80>.     In  geoeral  in  rock  aecllona  apeclnl  melboda  are 
lacusoed  b;  tbe  authors  referred  to  in  tbe  uole  on  p.  810. 


AI.BITB. 

Triclinio.     Axes  &  :h  t  i  = 
y  =  88°  9'. 

be.     010  A  001  =  86*  34'. 

mil.  110  A  iio  =  sg°i4'. 

bm,    no  A  010  =  W  3ff. 

em,    001  A  HO  =  60'  IT. 

cU.  001  A  lIO  =  60°  lO*- 

ex.     001  A  iOl  =  58° !«'. 

Twins    as    with   orthoclasej 

also  very  common,  the  tv.  pi. 

b,  albiie  lam  {p.  375),  nBually 


J. 


contact-twins,  and  polysyn 
thetic.  consisting  of  thin  la- 
mellae and  with  consequent  fine 
striatioDs  on  c;  tw.  axis  h,  pericline  law,  contact-twins  whose  composition-face 
ifl  the  rhombic  section  (Figs.  737  and  745);  often  polysynthetic  and  showing 
fine  striations  which  on  5  arc  inclined  backward  -|-  22    to  the  edge  b^c. 

Crystals  often  tabulur  [  b;  also  elongated  |  axis  i,  as  in  the  vnnely  peri- 
cline. Also  massive,  either  lamellar  or  granular;  the  laminjB  often  curved, 
sometimes  divergent;  granular  varieties  occasionally  quite  fine  to  iinnalpiible. 

Cleavage:  c  perfect;  b  somewhat  less  bo;  m  imperfect.  Frncture  uneven 
to  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2-63-2-65.  Luster  vitreous;  on 
a  cleavage  surface  often  pearly.  Color  white;  also  occasionally  bluisli,  gray, 
reddish,  greenish,  and  green;  sometimes  having  a  bluish  opalescence  or  play 
of  colors  on  c.    Streak  uncolored.     Transparent  to  subtranslncent. 

Optically -f.    Plane  (8)  ±  to Bx., inclined  100° to  102°  to c  on  acute edgeA/c. 


744. 


Extinction -angle   with  edge 
b/c=  +  4°  30' to  2°  one,  and 


=  +20°  to  15°  on  6  (Fig. 
737).  Dispersion  for  Bx„ 
p  <  v;  also  inclined,  hori- 
zontal; for  Bxo,  p  >  v;  in- 
clined, crossed,  Dx.  2H„  = 
PeHcliiie.  80°   to   84°    Dx.      Birefrin- 

gence weak',  y  -^  a  =  0008. 

Comp.— A  silicate  of  aluniininra  nnd  sodium,  NaAlSi.O.  or  Nfl,O.Al,0,. 
fiSiO,  =  Silica  687,  alumina  19  5.  soda  IIS  =  100.  Calcium  ia  usually  pres- 
ent in  small  amount,  as  anorthite  (CaAI,Ni,OJ,  and  as  this  hierenscd  it  gradu- 
ates through  oligoclase-albite  to  oligoclaee  (cf.  p.  376).  Potassinm  may  sltjo 
be  present,  and  it  is  then  connected  with  anorthoclase  and  microcline. 

Var. — OrMtarjf.     In  cryBlals  iind  ir 
forma  are  uauallf  nearly  pure  wLlle.  aiid  ofien  show  wnvr  oi 
la  t  wblllah  adularia-ltke  niblle,  lUgbtlj  iridescent,  unmed  from  ntfiiatftid,  pigeon.   Atea. 
■4  varieties  also  occur.    PeritUne  /rom  ibe  cliloritlc  t.cbi«ts  of  tbe  Alps 
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is  in  rather  large  opaque  white  crystals,  with  characteristic  eloDgation  in  the  direction  of 
the  b  axis,  as  shown  in  Figs.  744  and  745,  and  commonly  twinned  with  this  as  the  twinning 
mxis  (peHcline  law). 

Pyr.,  etc.— B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
the  flame.     Not  acted  upon  by  acids. 

Diff.— Resembles  barite  in  some  forms,  but  is  harder  and  of  lower  specific  gravity;  does 
not  effervesce  with  acid  (like  calcite).  Distinguished  optically  and  by  the  common  twin- 
ning striaiioiis  on  e  from  orthoclose;  from  the  other  triclinic  feldspars  pariially  by  speciHc 
gravity  and  better  by  optical  meaus  (see  p.  376). 

Obs.— Albiie  is  u  constituent  of  many  igueous  rocks,  especially  those  of  alkaline  type, 
as  granite,  elaeolite-syenite,  dioritu.  etc.;  also  in  the  corresponding  feldspathic  lavas  In 
perViiU  (p.  873)  it  is  iuterlamiuated  with  orthoclose  or  microcliue,  and  similar  aggrega- 
tions, often  oil  a  roicnjscopic  scale,  are  common  iu  many  rocks.  Albite  is  common  also 
in  gneiss,  and  sometimes  iu  the  crystalline  schists.  Veins  of  albitic  granite  are  often 
repositories  of  the  rarer  minerals  and  of  tine  crystallizations  of  gems,  including  berrl. 
tourmaline,  allauite,  columbite,  etc.  It  is  found  in  disseminated  crystals  in  granular 
limestone. 

Some  of  the  most  prominent  European  localities  are  in  cavities  and  veins  in  the  granite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  with  adularia,  smoky  quartz, 
chlorite,  titanitc.  apatite,  and  many  rarer  species;  it  is  ofteu  implanted  in  parallel  position 
upon  the  orthoclase.  Thus  in  the  St.  Qothard  region;  Roc  Toume  near  Modane.  Savoy; 
ouMt.  Skopi  (p&rieline):  Tavetschthal;  Sclimirn,  Tyrol;  olsoPfitsch,  Rauris.  the Ziilerthal, 
Kriml,  Schueeberg  in  Passeir  in  simple  crystals.  Also  in  Dauphine  in  similar  association; 
Elba.  Also  Uii-schber^  in  Silesia;  Penig  iu  Saxony:  with  topaz  at  Mursinka  in  the  Ural 
and  near  Miask  in  the  Ilmeu  Mts. ;  Cornwall,  England;  Mourne  Mts.  in  Ireland. 

In  the  United  States,  iu  Maine,  at  Paris,  with  red  and  blue  tourmalines.  In  JfoM.,  at 
Chesterfield,  in  lamellar  masses  {elMtelandite),  slightly  bluish,  also  fine  granular.  In  Ne^ 
Hamp.,  at  Acworth  and  Alsteod.  In  Conn.,  at  Haddum;  at  the  Middletown  feldspar 
quarry;  at  Branchville,  in  fine  crystals  and  massive.  In  N,  York,  at  Moriah.  Esaez  Co.,  of 
a  greenish  color.  In  Pen?^.,  at  Unionvllle,  Chester  Co.  In  Virginia,  at  the  mica  mines 
near  Amelia  Court-House  in  splendid  crystallizations.  In  Colorado,  in  the  Pike's  Peak 
region  with  smoky  quartz  and  amazon-stone. 

The  name  albite  is  derived  from  aUnu,  white,  in  allusion  to  its  common  color. 

Oligoclase. 

Triclinic.  Axes,  see  p.  369  be,  010  A  001  =  86**  32'  Twins  observed 
according  to  the  Carlsbad,  albite,  and  pericline  laws.  Crystals  not  common. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  6  somewhat  less  so.  Fracture  concboidal  to  uneven. 
Brittle.  11.  =  6-6*5.  G.  =  2'65-2'6T.  Luster  vitreous  to  somewhat  pearly  or 
waxy.  Color  usually  whitish,  with  a  faint  tinge  of  grayish  green,  grayish 
white,  reddish  white,  greenish,  reddish;  sometimes  aventnrine.  Transparent, 
subtranslucont.     Optical  characters,  see  p.  376. 

Comp.,  Var. — Intermediate  between  albite  and  anorthite  and  corresponding 
to  Ab.An,  to  Ab,An,,  but  chiefly  to  Ab,An,,  p.  376. 

Var.— 1.  Ordin'ry.  In  crystals  or  more  commonly  massive,  cleavable.  The  varieties 
conliiinlug  soda  up  to  10  p.  c.  are  cftlled  oligoclfisr-alLiU.  2.  Aventurine  oligocloM,  or  stin- 
etoTu,  is  of  H  gniyisli-whiicto  reddisli-pray  color,  usually  the  latter,  with  internal  yellowish 
or  reddisU  fire-like  rctleciious  proceeding  from  disseminated  crystals  of  probably  either 
hemiUile  or  gi3thitc. 

Pyr. .  etc. — li  B.  fuses  at  3  5  to  a  clear  or  ennmel-like  glass.  Not  materially  acted  upon 
•by  acids. 

Diff.— Sec  orthoclase  (p.  872)  and  albite  (p.  377):  also  pp.  870.  876. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  and  nlso  in  different  effudvo  rocks,  as 
andesite.  It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  enmite-llke  rock. 
Among  lis  localities  are  Danviks-Zoll  near  Stockholm;  Pargas  in  Finland;  Shaitansk 
Ural;  in  syenite  of  the  Vosges;  at  Albula  in  the  Orisons;  Marienbad,  Bohemia;  Chalanches 
In  Allemont,  and  Bourg  d'Oisans,  Dauphine;  as  $un§ions  at  Tvedestrand,  Nonrmv:  at 
IHlUerD;  Lake  Ba**    '  ^ 
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In  the  United  States,  at  Fine  and  Macomb,  St.  Lawreuce  Co.,  N.  Y.,  in  good  crystHls; 
at  Danbury,  Ot.,  with  orthoclase  and  danburite;  Uaddain,  Ct.;  at  the  emery  mine.  Ches- 
ter,  Mass.,  granular;  at  Uniooville,  Pa.,  with  euphyllite  and  corundum;  Mineral  Hill, 
Delaware  Co.;  at  Bakersville,  N.  C,  in  clear  Klassy  musses,  showiug  cleavage  but  no 
twinning.    Named  in  1826  by  Breithaupt  from  oAiyoS,  lilt  e,  and  KXdaii,  fracture, 

Andeiine. 

Triclinic.  Axes,  see  p.  369.  he,  010  A  001  =  86°  14'.  Twins  as  witn 
albite.     Crystals  rare.     Usually  massive  cleavable  or  granular. 

Cleavage:  c  perfect;  h  less  so;  also  M  sometimes  observed.  H.  =  5-G. 
O.  =  2*68-2'69.  Color  white,  gray,  greenish,  yellowish,  flesh-red.  Luster 
subvitreous  to  pearly.     Optical  characters,  see  p.  376. 

Com|K — Intermediate  between  albite  and  anorthite,  corresponding  to  Ab: 
An  in  the  ratio  of  3 : 2,  4 : 3  to  1 : 1,  see  p.  376. 

Pyr.,  etc. — Fuses  in  thin  splinters  before  the  blowpipe.     Imperfectly  soluble  in  acids. 

Obs. — Observed  in  many  granular  aud  vulcimic  rocks;  thus  occurs  in  the  Ande.^*,  at 
Marmaio,  as  an  ingredient  of  the  rock  called  andesite;  in  the  porphyry  of  TEsterel,  Depi. 
du  Yar,  France;  in  the  syenite  of  Alsace  in  the  Vosges;  at  Vapnefiord,  Iceland;  Bodeu- 
mais,  Bavaria.  Sanford,  Me.,  with  vesuvianite.  Common  in  the  igneous  rucks  of  the 
Rocky  Mts. 

Iiabradorite.    Labrador  Feldspar. 

Triclinic.  Form  near  that  of  andesine,  but  not  accurately  known  (p.  369). 
Cleavage  angle  be  =  86°  4'.  Forms  and  twinning  similar  to  the  other  plagio- 
clase  species.  Crystals  often  very  thin  tabular  |  5,  and  rhombic  in  outline 
boanded  by  cy  or  ex  (Fig.  425,  p.  131).  Also  massive,  cleavable  or  granular; 
sometimes  cryptocrystalline  or  hornstone-like. 

Cleavage:  c  perfect;  b  less  so;  M  (lIO)  sometimes  distinct.  H.  =  5-6. 
G.  =  2*70-2'72.  Luster  on  c  pearly,  passing  into  vitreous;  elsewhere  vitreous 
or  subresinous.  Color  gray,  brown,  or  greenish ;  sometimes  colorless  aud 
glassy;  rarely  porcelain-white;  usually  a  beautiful  change  of  colors  in  cleav- 
able varieties,  especially  |  b.  Streak  uncolored.  Translucent  to  subtrans- 
lucent.     Optical  characters,  see  p.  376. 

Phiy  of  colors  a  common  character,  but  sometimes  wanting  as  in  some  colorless  crys- 
tals. Blue  and  green  are  the  predominant  colors;  but  yellow,  Bre-red,  and  v^earl-gray  also 
occur.  Vogelsang  regards  the  common  blue  color  of  labradorite  as  uii  interference- 
phenomenon  due  to  its  lamellar  structure,  while  the  golden  or  reddish  schiller,  with  the 
other  colors,  is  due  to  the  presence  of  black  acicular  microlites  and  y^lowish-rcd  micro-^ 
scopic  lamellflB,  or  to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  lias 
examined  the  Inclusions,  their  position,  etc..  and  given  the  names  microplakUe  and  micra^ 
phyllUe  to  two  groups  of  them.    (See  references  on  p  142.) 

Comp.,  Tar. — Intermediate  between  albite  and  anorthite  aud  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  376. 

The  feldspars  which  lie  between  labradorite  proper  and  anorthite  have  been  embrarect 
by  Tschermak  under  the  name  hf/townite.  The  original  bytownite  of  Tiionison  was  }» 
greenish- white  feldspathic  mineral  found  in  a  boulder  near  By  town  (now  Ottawa)  \\v 
Ontario,  Canada. 

Fjrr.,  ©to.— B.B.  fuses  at  8  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydro- 
chloric acid,  generally  leaving  a  portion  of  undecomposed  mineral. 

JDiflL — The  beautiful  play  of  colors  is  a  common  but  not  universal  character.  Other- 
wise distinguished  as  are  the  other  feldspars  (pp.  870,  876). 

Oba. — Labradorite  is  an  essential  constituent  of  various  igneous  rocks,  especially  of  ihe 
liasicklnda.  and  usually  associated  with  some  member  of  the  pyroxene  oramphibole  groupn. 
Thus  wilh  hyperfthene  in  norite,  with  diallage  in  gabbro,  with  some  form  of  pyroxene  in 
diabase,  baaalt»  dolerite,  also  andesite,  tephrite,  etc.     Labradorite  also  occurs  in  other 
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kinds  of  Invn,  nud  is  somitimes  found  in  tbem  in  glany  ciyttals,  as  in  those  of  Etna, 
Vesuvius,  tlie  Sandwich  islands  at  Kilauea. 

Tile  lubnidoriiic  massive  rocl&s  iiro  most  common  among  the  formations  of  the  Archsan 
era.  Such  are  part  of  those  of  British  America,  northern  New  York.  Pennsylvania, 
Arkaii»a8;  those  of  QreeuUmd,  Norway,  Fiuiand,  Sweden,  and  probiiblv  of  the  Voeges. 

Ou  the  coast  of  Labrador,  labradorite  is  associated  with  hornblende,  hyperstbene,  and 
mngnetite.  It  is  met  with  in  many  olaces  in  Quebec.  Oci  urs  abundantly  through  the  cen- 
tral Adirondack  region  in  northern  New  York;  in  the  Wichita  Mts.,  Arkansas. 

Labradoriie  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionaiy,  about  the  year  1770. 

MxsKBLTNiTB.    In  colofless  isotropic  grains  in  meteorites;  composition  nemr  labradorite. 


ANORTHTTB.    ludianite. 

Triclinic.    Axes  d  :  h  :  i  =:  0-6347  : 
r  =  91**  12'. 

1  :  0-5501;  a  =  93M3',  / 

be,     010  A  001  =  85'  W. 
mM,  110  A  110  =  59'  29'. 
ftm,    010  A  110  =  58'    4'. 

em,    001  A  110  =  W  W. 
cJf,  001  A  liO  =  69*  ao'. 
ey,     001  A  201  =  81*  14'. 

746.                                     747. 

748. 

=  115^55^', 


Twins  as  with  albite  (p.  375  and  p.  377).  Crystals  usually  prismatic  I  i 
(746,  also  Fig.  338,  p.  108),  less  often  elongated  |  f,  like  periclme  (Fig.  747). 
Also  massive,  cleavable,  with  granular  or  coarse  lamellar  structure. 

Cleavage:  c  perfect;  b  somewhat  less  so.     Fracture  conehoidal  to  uneyen 
Brittle.     JI.  =  6-6-5.    G.  =  2-74-2-76.    Color  white,  grayish,  reddish.    Streak 
uncolored.     Transparent  to  translucent. 

Optically  — .  Ax.  pi.  nearly  JL  e  (021),  and  its  trace  inclined  60'  to  the 
edge  r/e  from  left  above  behind  to  right  in  front  below.  Eztinction-anffles  on 
c,  -  34°  to  -  42°  with  edge  b/c;  on  b,  -  55°  to  -  43°  (Fig.  739,  p.  375)?  Dis- 
persion p  <  V,  also  inclined.  2H^r  =  84°  50'.  Birefringence  stroDirer  than 
with  albite,  y  -  a  r=  0-013. 

Comp.— A  silicate  of  aluminium  and  calcium,  CaAl,Si,0,  or  CaO.  Al  0  2SiO 
=  Silica  43-2,  alumina  36  7,  lime  201  =  100.     Soda  (as  NaAlSi.O.)  is  usually 
present  in  small  amount,  and  as  it  increases  there  is  a  gradual  transition  through 
bvtownite  to  labradorite. 

Vsur.—Auortfiite  was  descrilxjd  from  the  glnssy  cryRtnls  of  Somma:  and  ehritUanite  and 
bioiine  are  the  same  mineral.  Thiovauite  is  the  same  from  Iceland.  Jndianite  is  a  white 
grayish,  or  reddish  granular  anorlhiie  from  India,  where  it  occurs  as  the  gangue  of  corun* 
<inin,  lirst  descHbed  in  1802  by  Count  Boiirnon.  C^yclopxte  occurs  in  small,  transpnrent  and 
glassy  crystals,  twbular  |  6,  coating  cavities  in  the  dolerite  of  the  Cyclopean  Idiuids*  and 
near  Trezza  on  Etna.     Amphodelite,  lepoliU,  latrobiU  also  belong  to  aoortliite. 

Pyr.,  6tc.~B.B.  fuses  at  5  to  a  colorless  glass.  Anortbite  from  Mte.  Somma.  and 
iudianite  from  the  Caraatic,  are  decomposed  by  hydrochloric  acid,  with  •eDanuion  of 
gelatinous  silica.  '^ 


Obi. — Ocean  In  Mine  dtorites:  occsBionnlly  Id  connection  with  gabbro  &nd  Mrpeutloe 
rocks;  In  lome  CUM  along  witb  coruDdnm;  in  many  Tolcanic  rocks,  andeoitea.  bwalu.  etc.; 
aa  a  constitueul  of  wrae  meteorites  (Juvecaa,  Staniiern). 

Anoiiblle  (eAriilianite  aiid  biotine)  occMrs  at  Moiiut  Veiuvius  lu  fsoluled  blocks  MuoDg 
■  he  uld  lavM  In  tbe  ravines  of  3lonte  Sommii;  Id  the  Albani  Mte.;  on  tbe  Peeniedii  Alp, 
HoirEonI,  'I'yrol,  aa  n  coutact  mlueral:  Aranver  Berg,  TrauBvlvauln,  lu  audesllc;  ou  Ice- 
iHDd:  Dear  Bogoelovsk  In  the  Ural.  In  ibe  Cyclopenu  lelanaa  (egclopitt).  In  tbe  lava  of 
the  lalanil  of  Hiyake,  Japan. 

AnorlAiU  wiia  named  In  1823  by  Rose  from  arofAoi,  Migut,  tbe  crystallization  being 
tHcliutc. 

OvUUn.  BaAliBtiOi,  similar  to  anorthlte,  but  coutalning  barium  Instead  of  calcium, 
Ha«ilve,  wlib  theusualcIeavasMe(001)nDd6(010},  «i  =  8g°ite'.  H.  =  6-6-6.  a.  =  8'87. 
Culotlcw.    Extinction:  on  e,  8*  10';  on  ft,  26*  iff.    From  Jakohsberg,  Sweden, 


n.  MetasiUcateB.    RSiO.. 


Salts  of  Metasilicic  Acid,H,SiO,;  characterized  by  an  oxygen  ratio  of  3  : 1 
for  silicon  to  bases.  The  Division  closes  with  a  nnmber  of  species,  in  part  of 
somewhat  doubtful  composition,  forming  a  transitioD  to  tbe  urtbosilicates. 

The  metasilicates  include  two  prominent  and  well-characterized  gronpst 
viz.,  tbe  Pyroxene  Group  and  tbe  Amphibole  Group.  There  are  also  others 
less  important. 


Iieuclte  Group.     Isometrio. 

Jo  iCTentl  reapect*  leudte  Is  allied  to  tbe  species  of  tbe  Fblsbpar  Gboup,  wUdi  Imme- 
diately precede. 

Lenoite  EAl(SiO,),  Isometric  at  500° 

Pseudo-isometric  at  ordinary  temperatures. 
PoUudte  H,Cs,AI,(SiO,).  Isometric 

LBUOITB.    Ampblgine. 

Isometric  at  500°  C;  pseudo-isometric  nnder  ordinary  conditions  (see  p. 
330).  Commonly  in  crystals  varying  in  angle  but  little  from  tbe  tetragonal 
trisoctabedron  n  (211),  sometimes  with  u  (100),  and  cf 
(110)  as  subordinate  forms.  Faces  often  showing 
fine  atriations  due  to  twinning  (Fig.  749).  Also  in 
disseminated  grains;  rarely  massive  grannlar. 

GleaTi^:  d  (110)  very  imperfect.  Fracture  con- 
ehoidal.  Brittle.  H.  =  55-6.  G.  =  2-15-2  50.  Luster 
vitreons.  Color  white,  aah-gray  or  smoke-gray.  Streaic 
tincolored.  Translucent  to  opaque.  Usually  shows 
very  feeble  doable  refraction:  ai  =  1-508,  €=1509 
(p.  230). 

Coup.  —  KAl(SiO,),  or  K,OAI,0,.4SiO,  =  Silica 
55-0,  alumina  23  5,  potash  21-5  =  100. 

Buda  I«  present  only  in  smRli  qiinntilies.  unhss  rb  Introduced  by  alteration;   traces  of 
lliblura,  also  of  rubidium  and  cfesliim,  have  been  detected. 

PyT.,atc. — B.B.  Infusible;  wllh  cobalt  solution  gives  a  blue  color  (nlumln turn).    Decom. 
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Recognized  In  tbln  sections  by  its  extremely  low  refraction,  isotropic  character,  and  the 
symmetrical  arrangement  of  inclusious  (Fig.  760;  also  Fig.  471,  p.  141).    Larger  cryitali 

760. 


Leucite  crystals  from  the  leucitite  of  the  Bearpaw  Mts.,  Montana  (Pirsson).     These  show 
the  progressive  growth  from  slceleton  forms  to  complete  crystals  with  glass  inclusions. 

are  commonly  not  wholly  isotropic  and.  further,  show  complicated  systems  of  twinning* 
lines  (Fig.  749);  the  birefriDgence  is,  however,  very  low,  and  the  colors  ficarcely  rise  above 
dark  gruy;  they  are  best  seeu  by  introduction  of  the  quartz  or  selenite  plate  yii  Iding  red  of 
the  first  order.  The  smaller  leucites,  which  lack  this  twiuning  or  the  inclusious.  are  ouly 
to  be  "iiilinguished  from  sodalite  or  analcite  by  chemical  tests. 

Obs — Leucite  occurs  oiilv  in  igueous  rocks,  aud  especially  in  recent  lavas,  as  one  of  the 
products  of  crystallization  of  mag^nas  rich  in  potash  and  low  in  silica  (for  which  reascm  this 
species  rather  thau  orthoclase  is  formed),  llie  larger  embedded  crystals  are  commonly 
anisotropic  and  show  twinning  lamelloe;  the  smaller  ones,  forming  the  groundmass,  are  iso- 
tropic and  without  twiuning.  Found  in  leucilites  and  leucite  basalts,  leucitophyres,  leucite- 
phonolites  aud  leudtetephrites;  also  in  certain  rocks  occurring  in  dikes.  Very  rare  io 
intruded  igneous  rocks,  only  one  or  two  iustances  being  known;  but  its  former  presence 
under  such  condiiions  is  iudicaied  by  pseudomorphs,  often  of  large  size  (pgeudoleucite) 
consisting  of  nephelitc  and  orthoclase.  also  of  analcite. 

The  promiuent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Somma,  where  it  is  thickly 
disseminated  through  the  lava  in  grains,  and  in  large  perfect  crystals;  also  in  ejected 
masses;  also  near  Rome,  at  Capo  di  Hove,  Rocca  Monnna,  etc.  Further  in  leucite- tephrite 
at  Proceno  near  Lake  Bolseua  in  central  Italy;  also  about  the  Laacher  See  and  at  several 
points  in  the  Eifel;  at  Rieden  near  Andernach;  at  Meiches  in  the  Yoirels^ebirge;  in  the 
Kaiserstuhlgebirge.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the  Cerro  Se  las  Virgines, 
Lower  California.  In  the  United  States  it  is  present  in  a  rock  in  the  Oreen  River  Basin  at 
the  Leucite  Hills.  Wyoming;  also  in  the  Absaroka  range,  in  northwestern  Wyoming:  in 
the  Higliwood  and  Bearpaw  Mts  ,  Montana  (in  part  pseudoleucite).  On  the  shores  of  Yan- 
couvcr  Island,  where  magnificent  groups  of  crystals  have  been  found  as  drift  boulders. 

Pseudoleucite  (see  above)  occurs  in  the  phonolite  (tiuguaite)  of  the  Serra  de  Tingua,  Brazil; 
at  Magnet  Cove,  Arkansas;  near  Hamburg,  N  J.;  Montana;  also  hi  the  Cariboo  Distr., 
British  Columbia. 

Named  from  XevKo?,  witite,  in  allusion  to  its  color. 

Pollucite.  Essentially  H«0.2Cs90  2A]30a  0SiO«.  Isometric;  often  in  cubes;  also  mas 
sive.  H.  =  6*5.  G.  =  2  901.  Colorless.  Occurs  very  sparingly  in  the  island  of  Elba; 
with  pctalite  (castorite);  also  at  Hebron  and  Rumford,  Me. 


Pyroxene  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 
Compoe'  Jon  for  the  most  part  that  of  a  metasilicate,  RSiO,,  with  R  = 

Ca,Mg,Fe  chiefly,  also  Mn,Zn.     Further  RSiO,  with  R{Fe,Al),SiO„  less  often 

I 

containing  alkalies  (Na,K),  and  then  RSiO,  with  RAl(SiO,),.     Rarely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

ct.  Orfharhombic  Section. 

(I  *  n  *  c  or  U  *  &  *  c 

Enstatite  MgSiO,  0  9702  •  1  :  0-5710       1-0307*:  1  •  0-5885 

Bronzite  (Mg,Fe)SiO, 

Hypersthene  {Fe,Mg)SiO,  0-9713  :  1  :  0-5704       1-0319  :  I  :  0-5872 

The  second  set  of  axial  ratios,  Tvith  d  =  l,  brings  out  the  similarity  of  the  form  to  the 
monoclinic  species. 


SILICATES.  38S 

p.  Manodinic  Section. 

h  1%  I  6  8 

Pyroxene  1^921  \  \  \  0-5893  74**  10^ 

L  NoN'ALUMiyoua  Varieties: 

■•  °—  { g^SfSJ&o.,. 

Malacolite,  Salite,  Diallage,  etc. 

2.  Hedenbbrqitb  CaFe(SiO,), 

Manganhedenbergite  Ca(Fe,Mn)(SiO,), 

3.  ScHEFFEBiTE  (Ca,Mg)(Fe,Mn)(SiO,), 

Jeflersonite  (Ca,Mg)(Fe,Mn,Zn)(SiO,), 

II.  Aluuinous  Varieties: 

Leucaugite,  Fassaite,  Augite,  ^Egirite-augite. 


Aemite  (^Egirite)  NaFe(SiO,),  10996  :  1  :  0-6012  73°  IT 

Spoduneiie  LiAl(SiO,),  1-1238 :  1  :  0*6355  69''  40' 

Jadeite  NaAl(SiO,),  1-103    :  1  :  0613    72°  44^' 

WeUaitonite  CaSiO.  1-0531  :  1  :  0*9676  84°  30' 

Peotolite  HNaCa,(SiO,).  11140  :  1  :  09864  84°  40' 

y.  Tridinic  Sedi&n. 

a  :^  :  6  a  ft  y 

Bhodonite    MnSiOt  10729  : 1 :  06213  103M8'     108^44'  8^39' 

also  (Mn,Ga)SiO> 
(Mn,Fe)SiO. 
(Mn,Zn,Fe,Ca)SiO, 
Babiagtonite  10691  :  1  :  0-6308   104°  21^'  108°  31'  83°  34' 

(Ca,Fe,Mn)SiO,.Fe,(SiO,), 

Tlie  rare  species  Rosenbuscbite,  L&venite,  WAblerite  also  belong  under  the  monoclinic 
sectioD  and  Hlortdahlite  under  tbe  triclinic  section  of  tbis  group. 

The  Pyroxene  Group  embraces  a  Dumber  of  species  which,  while  falling 
in  different  systems— orthorhombic,  monoclinic,  and  triclinic— are  yet  closely 
related  in  form.  Thus  all  have  a  fundamental  prism  with  an  angle  of  93°  and 
87°,  panUlel  to  which  there  is  more  or  less  distinct  cleavage.  Further,  the 
angles  in  other  prominent  zones  show  a  considerable  degree  of  similarity.  In 
composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are  most 

n  lu  I 

prominent,  while  compounds  of  the  form  R(Al,Fe),SiO„  RAl(SiOi),  are  also 
important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
correspondinff  species  of  the  amphibole  group,  which  also  embraces  members 
in  the  ortborbombio,  monoclinic,  and  triclinic  systems.  In  a  number  of  cases 
the  same  obemieal  compound  appears  in  each  group;  furthermore,  a  change 
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by  purainorphism  of  pyroxene  to^  amphibole  is  often  obseryed.  In  form  also 
the  two  groups  are  related,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  monoclinic  amphlbole  upon  or  about  those  of  pyroxene 
(Fig.  430,  p.  131).    The  axial  ratios  for  the  typical  monoclinic  speciea  are: 

Pyroxene  aitid    =  1-0921  :  1  :  0-5893  /3  =  74**  10' 

Amphibole  A:  it:  6=  1-1022  :  1  :  0  5875  /3  =  73^  58' 

See  further  on  p.  398. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group, 
especially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographio  axes  are  exemplified  in  the  following  fignres  (Cross). 


761. 


n. 


m. 


IV. 


I,  Enstatite,  etc.    II,  SpodumeDe.    Ill,  Diopslde,  etc.     IV,  Bedenberaite.  Auffite. 

V,  Augite.     VI,  uEgiriie. 

I A  corresponding  exhibition  of  the  prominent  amphiboles  is  giyen  finder  that 
! group,  Fig.  785,  p.  398. 


a.  Ortharhambic  Section. 


ENSTATTTE. 

Orthorhombic.     Axes  d:h:d  =  0  9702  :  1  :  0  5710. 

762 

mm'",  110  A  lIO  =  88»  IC.         rr',   228  A  §28  =  40*  IftJ. 

gq\       023  A  023  =  4r  41'.  rr'",  223  A  228  =  89'    IJ. 

Twins  rare:  tw.  pi.  h  (014)  as  twinning  lamellsB; 
also  tw.  pi.  (101)  as  stellate  twins  crossing  at  angles  of 
nearly  60°,  sometimes  six-rayed.  Distinct  crystals  rare, 
habit  prismatic.  Usually  massiye,  fibrous,  or  lamellar. 
Cleayage:  m  rather  easy.  Parting  ||  b;  also  a.  Frac- 
ture uneven.    Brittle.    H.  =  5*5.    G.  =  3-1-3-3.    Luster. 

_ -.  a  little  pearly  on  cleavage-surfaces  to  vitreous;    often 

metalloidal  in  the  bronzite  variety.  Color  grayish,  yellowish  or  greenish  white, 
to  olive-green  and  brown.  Streak  uncolored,  grayish.  Translucent  to  nearly 
opaque.  Pleochroism  weak,  more  marked  in  varieties  relatively  rich  in  iron. 
Optically  +.  Ax.-pl.  ||  b.  Bx  JL  c.  Dispersion  p  <  v  weak.  Axial  angle  large 
and  variable,  increasing  with  the  amount  of  iron,  usually  about  90®  for  FeO 
=  10  p.  c.     /^y  =  1-669;  y  -  a  =  0009. 

Comp.,  Yar.— MgSiO,  or  MgO.SiO,  =  Silica  60,  magnesia  40  =  100.     Also 
(Mg,Fe)SiO,  with  Mg  :  Fe  =  8  :  1,  6  :  1,  3  :  1,  etc. 

Var.— 1.  With  little  or  no  iron;  Enttntite,    Color  white,  yellowish,  irraylab,  or  greenisli 
white;  luster  vitreous  to  pearly;  G.  =  810-318     C/iladntte  (Shepardite  of  HomOi»  which 


B.-itiile. 


tithe  thin  e'!g(!s;  F.= 


Fyr.,  Ato  — B.B  altiiott  In  fusible,  being  only  slightly  n 
lasiil'iUle  in  Lydroclilorlc  iicid. 

Oba. — Eiiitatllt  (IdcI.  broDzIle)Ua  coinmnncnnBHtueDlor  peridntileenodllie  <erpen1inM 
•lerWeil  from  tbem;  it  hIso  occurs  in  crjitnliluc  acliigls.  Il  ie  "fleu  nsBncinieil  In  imrsllel 
griiwiii  with  n  inoooclinlc  pyrnxme.  t.g.,  [iinllitRc  iFi^  75.1.  TSR).  A  crnimon  mioeriil  in 
iiieirorlR  slonni  ofttn  occurriU);  iu  cbnodniles  nitb  ercenlric  radiated  slriirtiirc  (Kiff.  751). 

O  cur«  neitr  Aloyubol  Id  HurnTln.  In  lerp^utlne:  ftl  Eni'^crherg  in  ButrHr;  iit  Bifie  in 
till'  Itiirz  { prtMoAtuhfa):  in  the  ■o-cbIIuiI  olivine  bonilia  i>r  tbe  Dreiser  Weiht-r  in  ilif  EITt;!: 
Ill  imincDU  cryitiiJB.  In  putt  nlU:reil,  ai  tbe  npailte  deposits  uf  EjOrreBtnil  iieiir  Btimle.  N<ir< 
wuv :  \ix  tli«  peridotlie  nuoclnttd  wlib  llie  dianiniid  iltpoalls  uf  Sinitb  Afrlcri. 

In  rhv  U  S..  in  New  Yorli  at  Lite  Tilly  PoBltr  rongnetile  mine,  Brcwsltr,  Putnam  Co  , 
«r!ih  Hionilrodite^nt  Edwardx,  N.  Y. 

Kiimi'd  from  rKrrarr/i,  an  opponent,  becouae  so  rcfrortory.  Tbe  uame  bromil*  bu 
j>iii>riiy,  hut  a  lironze  Euatcr  is  oot  eiucnlial.  and  is  fur  frnm  universnl. 


BTFER  8THBNE . 
Ortliorhombic.     Axee  a 


=  0-9713:  l:0-;i7O4. 


014  A  Oil  =  16''  U'. 


332  A  233  =  73°  50". 
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CrystalB  rare,  habit  prismatic,  often  tabnlar  |  a,  leea  often  |  b.  Usoall; 
foliated  masBive;  eometimea  in  embedded  spheriool  forms. 

OleaTage  :  b  i>erfect;  m  aud  a  distinct  bnt  interrapted.  Fracture  nneTen. 
Brittle.     H.  =  5-6.     0.  =  3'40-3'50.     Lnster  somewhat  pearl;  on  a  cleavage- 


7S8. 


7S9. 


760. 


surface,  and  sometimes  nietalloidal.  Color  dark  brownisii  green,  grayish  black, 
greenish  bliick.  pinch  beck-brown.  Streak  grayish,  brownish  gray.  Transln- 
ceiit  to  nearly  opaqne.  Pleochroism  often  strong,  especially  in  the  kindB  with 
higb  iron  percentage ;  thus  |  a  or  ^  brownish  rea,  b  or  J  reddish  yellow,  c  or  ^ 
green.  Optically  ~,  Ax.  pi.  ||  b.  Bj.±,o.  Dispersion  p  >  v.  Aiial  angle 
rather  large  and  variable,  diminishing  with  increase  of  iron,  cf.  enstatite,  p. 
384,  and  Figs.  753,  754,  p.  385.     p  =  1-702;  y  -  a  =  0  013. 

H^penthene  often  eactnses  minute  tabular  tcales,  usually  of  b  brown  color,  arrao^ 
mostly  parallel  to  the  bosal  plane  (Fig.  760),  also  lets  frequently  vertical  or  lacllned  80'  to 
i:  lijey  may  be  brooklte  ({,'OtLlie,  Lemaiite),  but  tbeir  true  namre  la  doubtful.  Tliey  are 
tite  cause  of  the  peculiar  nietiLlloidal  luster  or  icbiller,  oLd  are  oftCD  of  lecotidary  orlfin. 
being  developed  aloug  llie  eocalled  "solutinu-plaDes"  (p.  I4B). 

Comp,  Tar.— (Fe,Mg)SiO,  with  Fe;Mg=  l:3(FeO  =  16-7  p.  o.),  l:3(FeO 
=  21-7  p.0.)  to  nearly  l;l(FeO  =  31-0  p.  c).  Alumina  is  sometimes  present 
(up  to  10  p.  0.)  and  the  composition  then  approximates  to  the  aluminoDs 
pyroxenes. 

Of  the  ortborfaombic  mngneslum-lrOD  meiasiltratei.  tboK  with  FtO  >  13  to  IR  p.  c.  are 
usually  to  be  clnsscd  witli  hypcvBtLetie,  wblch  Is  further  cbaracteriaed  by  beiog  optically 
negative  nod  having  clIspenfoD  yj  >  c. 

Pyr.,  etc.— B.fi.  fuses  to  a  black  enamel,  aud  on  cbarcoal  yields  a  minetlc  mux; 
fuses  more  easily  with  Increasing  amouDi  of  Iron.  Partially  decoiuposea  by  bydro- 
cblorlc  add. 

Obi, — HypersChene.  associated  witb  a  tricllntc  feldspar  (labiadorite),  la  Fommon  in 
certain  granulnr  eruptive  rocks,  as  iiorlte.  byperlte,  gabbro,  also  Id  sume  aodeaiteB  (h^per- 
tthene-nndeiiile),  a  rock  recently  shown  to  occur  rather  eitenilvely  Id  widely  teparalvd 

II  occurs  at  Isle  Bt.  Paul  ;  Labrador;  In  Greenland;  at  Farsund  and  elMwbere  in  Nor- 
way; Elfdalen  in  Sweden;  Penig  in  Saiony;  lloniberg  In  Bohemia;  1  bo  Tyrol;  Nenrode 
ill  Silcla:  BiMleninais,  llavarla.  Ambtj/tUgiie  is  from  the  T..aacber  Bee.  Anioite  occur* 
nilb  pseuilobrookhe  and  Iridymite,  In  cavities  iu  the  iindeslte  of  the  Arauyer  Berg,  Tnin- 
sylviiiila.  and  elsewhere. 

Occun  111  the  norltea  of  the  Cortlnndt  region  on  the  Hudson  river.  N.  T.;  also  cammi<n 
with  lalinidorlte  in  the  Adirondack  Archienn  rei;ion  of  nortberu  New  York  and  northwanl 
in  Caniida.  In  Ibu  hyperstheue-iindesltes  of  Mt.  Shasta,  California;  Bullalo  Pomkt,  Colu- 
radn,  and  other  points. 

nsprr»th«nr  is  nained  from  vn4p  aud  <rtf  f  o!,  oery  strtm^,  or  tough. 

Bastitr.  or  BcHtLLBR  8i-ar.  Ad  altered  enstallte  (or  bronifte)  luivfng  appraslniatciy 
the  coropooliion  of  lerpciiilne.    Ii  occurs  In  foliated  form  iu  certaia  (ranuHw  antptlvc 
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ockB  and  U  chnncUrtsed  bv  &  bronze-libs  nietnlloidsl  luster  or  scblller  on  tlie  cbicf 
le&vage-face  (ft),  which  "  «c&llleriuiirjD  "  (p.  19U)  la  of  Bccondiry  origin  H.  =  8-5-4. 
1.^  3  5-2*7.  Color  leckgreen  io  ulive-  and  pUtiicliio-greeu,  and  piudibeok  brown.  Pluu- 
'Jirotsm  not  mnrki'd.  Optlaill;  — .  Double  refractloD  neak.  Ai,  pi.  |  u  (bence  Doniial 
o  Ibat  of  euBimlle).  Bx  1  b.  D<«pfi»iuii  ft  >  v.  Tlie  original  buaiile  was  Iroiu  Itusie 
lenr  Hnrxburg  In  the  Hiirr,.  also  from  Toilrmooi  in  Ihe  ^hwurzw&ld. 

PBCKHAtim.  2(Mg,Fe)SiO..(Hg.  1i'h)SIO.     Occurs  In  rounded  DodiileslD  Ibe  nietcnrhe 
>f  Esthervllle,  Emmet  Co.,  Iowa,  any  11).  IH7B.     O.  =  1)'2S.    Color  light  grecnisli  yellnw. 


FTBOZBNB. 

Monocltnio.    Axes  a  :  $: 


p.  Mono€iinic  Section. 


=  10921  :  1 :  0-5893;  /f  =  74°  10'. 


4^ 


mm"'.  110  a  liO  =  88°80'. 

ea.  001  A  100  =  74°  10'. 

ep.  001  A  iOl  =  31-20'. 

«^.  on  A  Oil  =50°  6'. 

w".      oai  ao§i  =07°  11'. 

eu,       001  A  111  =  83°  40i'. 
7fla.  703. 


m.   001  /> 


=  4»°  W. 

=  79°  9i'. 
«,  001  A  ill  =i'i'V. 
uu'.  Ill  A  111=48'' 2B'. 

ttr.   ill  Alii  =59°  11'. 

oo',  2ai  A  22i  =84°  11'. 

764. 


w 

'iVins:  t-r.  pi.  (1)  a,  contact- twins,  common  {Pig.  769),  sometimes  poly- 
Bjntlietic.  (2)  c,  as  tvinning  kmelleB  producing  striations  on  the  vertical 
faces  and  pseud 0- cleavage  or  parting  ||  c  (Fig.  770);  very  common,  often  sec- 
ondary. (3)  y  {101}.cruciforin-twiiis,  not  common  (Fig.  421,  p.  130).  (4)  \V 
(122)  the  vertical  axes  crossing  at  angles  of  nearly  60°;  sometimes  repeated  as 
a  Bix-rayeO  star  (Fig.  420,  p.  130).  Crystals  usually  prismatic  in  habit,  often 
short  and  thick,  ana  either  a  square  prism  (a,  b  prominent),  or  nearly  square 


7eB. 


^r^ 


v^ 


,  a?*)  with  ffl 


g;  sometimes  a  nearly  symmetrical  8-sided 
>ften  coarsely  lamellar,  Q  c  or  a.     Also  grann- 
Far,  coarse  or  fine;  rarely  Sbrous  or  columnar. 

Cleavage:  m  sometimes  rather  perfect,  but  interrupted,  often  only  observed 
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in  tbiti  aections  X  ^  (Fig.  ' 


1).  PartiDg  I  c,  due  to  twinning,  often  promi- 
nent,  especially  in  large  crystals  and 
lamellar  masses  (Fig,  7iU);  also  |  a  lew 
distinct  and  not  so  common.  Fracture 
uneven  to  conchoidaL  Brittle.  H.  = 
6-6.  G.  =  3'3-3-6,  varying  with  the  com- 
position. Luster  vitreoua  inclining  to 
resinous;  often  dull;  Bometinies  pearly 
\  c  ill  kinds  showing  parting.  Color  usu- 
ally green  of  various  dull  sEades,  varying 
from  nearly  colorless,  white,  or  grayish 
white  to  brown  and  black;  rarely  bright 
green,  as  in  kinds  containing  chromium ;  also  blue.  Streak  white  to  gray  and 
grayish  green.  I'raDsparent  to  opaque.  Pleochroism  usually  weak,  eveu  in 
dnrk-coloreil  varieties;  aometimes  marked,  especially  in  violet-brown  kinds 
containing  titanium. 

Optically  +.  Birefringence  strong,  (y  -  «)  =  0'03  —  003.  Ax,  pi.  |  J. 
Bx,  A^  =  CA^  =  +  36°  in  diopside,  to  -f-  53°  in  augite  (wh.  see),  or  cc  =  30° 
to  36°,  the  angle  in  general  increasing  with  amount  of  iron.  For  diopside 
from  Ala  (0x.):  2E,  =  111"  20'.  Also  (Flink)  for  white  diopside  from 
Nordmark  (2-49  p.  c.  FeO): 

IJk.a^  3V,  2V^  aVp  p.  fi,  fs^ 

+  38°  31'  56°  V  68°  ay  58"  40"  1  tStlS  1  SQSSft  ]  eSSOS 


,  chiefly  of 


Comp.,  Tan— For  the  most  part  a  normal  metasilicate,  RSiOi 
calcium   and   magnesiuni,  also  iron,  lees 
often   manganese  and   zinc.     The  alkali  "3, 

mctiila    potassium    and    sodium    present  " 

rarely,  except  in  very  smnll  amount. 
AUo  in  certiiiii  varieties  containing  the 
trivalent  metals  aluminium,  ferric  iron, 
and  niaiiganeac.  These  l.ist  varietiea  may 
be  most  simply  coTisidered  as  molecu- 
liir  compounda  of  Ca(Mg,Fe)Si,0,  and 
(Mg.Fe)(Al.Fe}  SiO,,  aa  suggested  by 
TsclK'rmiik.  Chi'omiiim  is  sometimes 
pri'seiit  in  small  amount;  also  titanium 
replacing  silicon. 

'I'lit  imme  Pyroiene  Is  from  wi'fl.  fire,  aad 
^trits.  tlriirtgtr,  and  records  HaQy's  fdcit  iliat 
ItiQ  tiilncriil  wik».  OS  lie  exprrasM  It.  "a  etraiiKer 
in  iliL'  ilomaiii  iif  fire."  wl]Cr(;iu<.  In  fsrl.  11  is.  ni-xt 
10  llie  ftli1<i|>ai'»,  llie  most  udItctsbI  consiitueut 
of  ijinenua  locks. 

Tbc  varieties  nre  uunicrous  un<l  depcDiI  upon  varlaliouB  Id  compMlllon  rblefly;  tbe 
more  prumiucnt  of  llie  varlelie'i  properly  niuk  aa  Bub^speciea. 


I.  Cuntaiiii 


mile  c 


HO  Ahimini 


1,  Diopside.  Malacolite,  Alalite.  Calcium-magnesium  pyroxene.  Poi^ 
mulu  CiiMg(SiO,),  =  Silica  55-6,  lime  35-9,  magnesia  18*5  =  100.  Color  white, 
yellowish,  gniyish  white  to  pale  green,  and  finally  to  dark  green  aod  aearly 
black;  Bon>  -^nsparent  and  colorless,  also  rarely  a  fine  bloe.     In  pri*' 
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matic  crystals^  often  Blender;  also  granular  and  columnar  to  lamellar  massive. 
G.  =  3-2-3*38.  Bxi,  A  <>  =  +  36°  and  upwards,  v  —  a  =  0-03.  Iron  is  pres- 
ent usually  in  small  amount  as  noted  oelow,  and  the  amount  increases  as  it 
graduates  toward  true  hedenbergite. 

The  foUowiDg  belong  here:  Chrome-diopiidet  coDtains  chromium  (1  to  2  8  p.  c.  GrtOs)^ 
often  a  bright  green. 

MtUaeoUte,  as  originally  described,  was  a  pale-colored  translucent  variety  from  8ala» 
Sweden. 

Alatits  occurs  in  broad  riehtangled  prisms,  colorless  to  faint  greenish  or  clear  green » 
from  the  Mussa  Alp  in  the  Ala  valley,  Piedmont 

TtODeneUite,  from  Traversella,  is  similar. 

Vialan  is  a  fine  blue  diopside  from  St.  Marcel,  Piedmont,  Italy;  occurring  in  prismatic 
crystals  and  massive. 

CanaanUe  is  a  grayish-white  or  bluish-white  pyroxene  rock  occurring  with  dolomite  at 
Canaan,  Conn. 

Lawraviie  Is  a  pvroxene,  colored  green  by  vanadium,  from  the  neighborhood  of  Lake 
Baikal,  in  eastern  Siberia. 

DiopMe  is  named  from  6t^,  ttoiee  or  double,  and  oifti,  appearance.  MalaeolUe  is  from 
ftaXatcoi,  »f%,  because  softer  than  feldspar,  with  which  it  was  associated. 

2.  Hedenbergite.  Calcium  -  iron  pyroxene.  Formula  CaFe(SiO,),  = 
Silica  48*4,  iron  protoxide  29  4,  lime  22-2  =  100.  Color  black.  In  crystals, 
and  also  lamellar  massive.  O.  =  3*5-3*58.  Bx^  A  <^  =  +  48"^.  Manganese  is 
present  in  manganhedenbergite  to  6  5  p.  c.     Color  grayish  green.     G.  =  3*55. 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  transitions 
conforming  to  the  formula  CA(Mg,Fe)Sis06.  As  the  nmouut  of  iron  increases  the  color 
changes  from  Heht  to  darls  ^reen  to  nearly  black,  the  specific  gravity  increases  from  3*2  to 
8-6»  and  the  anule  Bx.  A  ^  also  from  86**  to  48*". 

The  following  are  varieties,  coming  under  these  two  sub-species,  based  in  part  upon 
structure,  in  part  on  peculiarities  of  composition. 

SalUe  (Sahlite),  color  grayish  green  to  deep  green  and  black;  sometimes  grayish  and 
yellowish  white;  in  crystals;  also  lamellar  (parting  |  c)  and  granular  massive;  irom  Sala  in 
Sweden.  Baikalitet  a  dark  dingy  green  variety,  in  crystals,  with  parting  |  c;  from  Lake 
Baikal,  in  Siberia. 

Coe^coUie  is  a  granular  varietv,  embedded  in  calcite,  also  forming  loosely  coherent  to 
compact  aggregates;  color  varying  from  white  to  pale  green  to  dark  green,^  and  then  con- 
taining considerable  iron;  the  fatter  the  original  coccolite.     Named  from  kokko^,  a  grain, 

DiALLAOB.  A  lamellar  or  thin-foliated  pyroxene,  characterized  by  a  fine  lamellar 
structure  and  parting  I  a,  with  also  parting  |  5,  and  less  often  |  e.  Also  a  fibrous  structure 
I  ^.  Twinning!  a,  often  polysvnthetic;  in  terlami  nation  with  an  orthorhombic  pyroxene 
common  (Figs.  755  and  756,  p.  886).  Color  grayish  green  to  bright  grass-green,  and  deep 
green;  also  brown.  Luster  of  surface  a  often  pearly,  sometimes  metalloidal  or  exhibiting 
Schiller  and  resembling  bronzUe,  from  the  presence  of  microscopic  inclusions  of  secondary 
origin.  Bx»  A  *  =  -f  89  to  40";  fl  =  1961;  y  -  a  =  0-024.  H.  =  4;  0.  =  8-2-8-85.  lo 
composition  near  diopside,  but  often  containing  alumina  and  sometimes  in  considerable 
amount,  then  properly  to  be  classed  with  the  augites.  Often  changed  to  amphibole,  see 
sniaragdite,  p.  401,  and  uralite,  p  401.  Named  from  StaWayr},  difference^  in  allusion  to- 
the  dissimilar  planes  of  fracture.  This  is  the  characteristic  pyroxeue  of  gabbro,  and  other 
related  rocks. 

Omphaeite,  The  granular  to  foliated  pyroxeuic  constituent  of  the  garnet- rock  called 
eclogite,  often  interlaminated  with  amphibole  (smaragdite);  color  grass-green.  Containa 
some  AltOi. 

3.  ScHEFFBBiTB.     A  manganese  pyroxene,  sometimes  also  coDtaining  much 

iron.     Color  brown  to  black. 

In  crystals,  sometimes  tabular  |  e,  also  with  p  (lOl)  prominent,  more  often  elongated  in 
th^  direeUon  of  the  zone  b :  p  (101),  rarely  prismaMc,  |  h.  Twins,  with  a  as  tw.  pi.  very 
common.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct.  Color  yellowish 
brown  to  reddish  brown;  also  black  (iron-^ehefferite).  Optically -f*  Bx*  a  ^=  c  A  ^  = 
44*  25i'.  The  iron-schefferite  from  Pajsberg  is  black  in  color  and  has  c  a  ^  =  +  49°  to 
G9*  for  different  zones  in  the  same  crystal.  The  brown  iron-schefferite  (urbanite)  from 
L&ugban  has  c  a  ^..=  69*  S'.    It  resembles  garnet  in  appearance. 
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JfWtrionitt  Is  a  mangaoese-zliic  pyroxene  from  Fruikllii  Furnace,  N.  J.  (bo^  tl>c  ^"^ 
niBV  be  due  to  Impiiril^).  Id  large,  coatm  cryilaU  witb  edges  nniDded  mad  fftca  uutcd. 
Color  greenisb  bUck,  on  the  expcMcd  surface  chocolate-bronn. 

II.  AUtmiaous. 

4.  AuoiTB.  Aluminous  pyroa-tne.  Gompoaition  chiefly  GaH(F3i,0,  irith 
(Mg,Fe)(Al,Fe),SiO„  and  occasioually  also  containiug  alkalies  and  then  gradn- 
ating  towHrd  legirite.     TitaDium  is  also  Bouietimea  present.     Here  belong: 

a.  Lkucauoite.  Colur  vlifte  or  gmvieh.  Coutatns  alumina,  wUb  lime  aod  magneila, 
and  Uttk  or  do  Iron.     Looks  like  dlopelile.     H.  =  Q'5;  G.  =  819.     Named  from  Xtmeol. 

b.  Fassaitk.     Includes  the  pale  to  dark,  lODietimea  deep  green  crjrculs,  or  pUlacbio- 

Keeu  iiud  tbeo  resembling  epidoie  (Fig.  T66).    Thi:  Hlumiuous  kinds  o(  diallage  alio 
long  here.     Named  from  Ibe  locality  in  the  Fasaatbul,  Tyrol.     I^/rgirmi»ttoai  xiSpfm/ia, 

e.  AcoiTE.  Includes  the  ereeuish  or  brownish  black  and  black  kinds,  occurring 
moaily  iu  eruptive  nicks.  It  is  usunlly  in  short  priimalic  crystals,  thick  and  stout,  or 
tHiiulatJ  a;  ofleii  Iwius  (Figs.  T67-76S).  Ferric  iron  is  Iiere  present,  lo  relatkelr  lai«e 
araoiinl.  iiod  tlie  angle  Bi.  A  i  becomes  +  50°  to  82°.  jS  =  1-717;  y-  a  =  0-033.  TiO. 
Is  present  in  some  kind)',  which  are  then  pleochrolc.     Named  from  ai:jrij,  loiter. 

d.  Alkali -ADO  ITE.     Here  belong  varieties  of  auglle  cburaclerized  liy  the  presence  of 
alkslies,  especially  soda;  they  approilmalB  tu  compud- 
"73.  tioD  nml  optically  to  acmlle  and  segirile  (Bx.  A  ^  =  00*. 

Fig.  773).  and  are  sometimes  called  EglrlLe-augile  (cf. 
Fig.  776,  p.  892}.  Known  chiefly  from  rock*  rich  b 
alkalk-s.  as  elteollte-syenite.  phonolile,  lenctlite.  etc. 

Pyr.,  etc. — Yarylng  widely,  owlTig  to  the  wide 
variuliuns  In  compoaiiion  in  the  different  varieties,  and 
often  hy  inseusiblo  gradations.  Fusliiility.  3-73  In  diop- 
side:  il'5  iu  saliCe,  baiknille,  and  omphnclte:  3  lu  ]eSer- 
sonite  and  a»u:itc:  2'5  in  hedenbergite.  Varfetlos  rich 
in  iron  afford  a  magnetic  globule  when  fused  on  char- 
conl,  and  in  general  tlie  fusibility  Torfes  with  the 
nmoimt  of  iron.  Uauy  vurieiies  give  with  the  fluxes 
relictions  fur  manganese.  Host  varieties  ore  unacted 
npoti  bjr  (icids. 

Din — Cbamclerized  by  inonocHnlc  cryatalllxallon 
and  the  prismatic  angle  of  87°  and  9S*,  hence  yielding 
nearly  square  prisms;  these  may  be  mistaken  for  scnpo 
lite  if  terminal  faces  are  wauling  or  Indistinct  (but 
scapoilte  fuses  easily  B.B.  with  iutunicsceuce).  The  oblique  parting  (|  c.  Fig,  7701  often 
distinctive,  also  the  <:>iuiinon  dull  fcn-en  to  gi-ny  and  bruwu  colors.  Ampblbolc  differs  In 
piiimiilic  iin^lc  \^\°  >iud  Vlii,')  iidu  cleavngc.  and  in  having  common  columnar  to  fibrous 
varii-lii-s.  whic-li  me  r»re  with  pyroxene.     See  also  p.  868. 

The  ciiuininn  hrck-ftirniing  pyroxenes  are  distinguished  iu  Ihiti  sections  by  their  high 
relief;  usually  giccuisli  lo  olive  tones  of  color;  ilislinct  system  of  inter- 
rupted cleavage -cracks  crossing  one  another  at  nearly  right  angles  in  sections  774. 
x/ (Fig.  771):  high  interference-colors;  general  lack  of  plcorbroism:  large 
cxtlnction-angk'.  35°  to  50'and  higher,  for  sections  i  b  lOlOl.  The  last-named 
sections  are  easily  reeognlMd  by  showing  the  )iighe»I  Interference  colors; 
yielding  no  optical  figures  lu  convergent  iri;hl  and  having  parnllel  cleftvage- 
cracks.  the  latter  In  the  direction  of  ibe  vertical  axis.  See  also  vglrite,  p.  &&, 
A  ziinnl  hniidlng  Is  common,  ilie  successive  liimiiiie  sometimes  diSerlng 
ill  exiinction.nugle  and  pte<ichroisni;  also  the  bour-gluss  structure  occasion - 
ally  itisiincl  (Fit;.  '~^'  ''^n>  Lacruix). 

Obs. — Pyroxene  is  a  common  mlQcnil  in  crystalline  limestone  and  dol^ 
mile.  In  serpentine  and  in  volcanic  rocks;  and  occurs  also,  but  less  abun- 
dantly. In  connection  with  grunlllc  rocks  .ind  mccainorphlc  schists;  sometimes 
forms  large  beds  or  veins.  etneciaHy  iu  Arcbtean  rocks.  It  occur*  «1k>  ' 
meteorites.  The  pyroxene  of  limestone  is  mostly  white  and  )i^t  grtcn  or 
gray  in  color,  falling  unri.r  dioptid*  (malacollte,  aaliie,  coocollle);   tlut  of  most  other 
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metamorphic  rocks  is  sometimes  white  or  colorless,  but  usually  green  of  different  shades, 
from  pale  green  to  greenish  black,  and  occnsioiially  black:  that  ot  serpentine  is  sometimes 
in  tine  crystals,  but  often  of  the  foliated  green  kind  called  diallage;  that  of  eruptive  rocks 
is  usually  the  black  to  greenish  black  avgiU. 

In  limestone  the  associations  are  often  amphibole,  scapolite.  vesuvianite,  garnet,  ortho- 
clase,  titanite,  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  zircon. 
Kpincl,  rutile,  etc.;  and  in  other  metamorphic  rocks  mostly  tlie  same.  In  eruptive  rocks  it 
may  be  in  distinct  embedded  crystals,  or  in  grains  without  external  crystalline  form;  it 
ofteu  occurs  with  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (sani- 
dine),  labradorite,  leucite,  etc.;  also  with  a  rhombic  pyroxene,  amphibole,  etc. 

Pyroxene,  as  an  essential  rock-making  mineral,  is  especially  common  in  basic  eruptive 
rocks.  Thus,  as  augite,  with  a  tricliuic  feldspar  (usually  labradorite),  magnetite,  often 
chrysolite,  in  basalt,  uasaltic  lavas  and  diabase;  in  andesite;  also  in  trachyte;  in  peridolite 
and  pikrite;  with  nephelite  in  phonolite.  Fuither  with  elseolite,  orthoclase,  etc.,  in 
elseolite-syenite  and  augite-syeuite;  also  as  diallage  in  gabbro;  in  many  peridotites  and  the 
serpentines  formed  from  them;  as  diopside  (malacolite)  in  crystalline  schists.  In  limburff- 
ite,  augitite  and  pyroxenite,  pyroxene  is  present  as  the  prominent  constituent,  while  feld- 
spar is  absent;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals 

Diopiide  (alalite,  raussite)  occurs  in  fine  crystals  on  the  Mussa  alp  in  the  Ala  valley  in 
Piedmont,  assocb&ted  with  garnets  (hessonite)  and  talc  in  veins  traversing  serpentine;  in 
fine  crystals  at  Traversella;  at  Zermatt  in  Switzerland;  Schwarzensiein  in  the  Zillerthal; 
Ober-Sulzbachthal  and  elsewhere  in  Tvrol  and  in  the  Salzburg  Alps;  Reichenstein;  Uez- 
banya,  Hungary;  Achmntovsk  in  the  Ural  with  alinandite,  clinochlore;  L.  Baikal  (haikaliU) 
in  eastern  Siberia;  Pargas  in  Finland;  at  Nordmark,  Sweden. 

Hedenbergite  is  from  Tunaberg.  Sweden;  Arendal,  Norway.  Manganhedenbergite  from 
Vestcr  Silfberg;  Mchefferite  from  L&ngban,  Sweden. 

Augite  (incT  fassaite)  occurs  on  the  Pesmeda  alp.  Mt.  Monzoni,  and  elsewhere  in  the 
Fassatbal,  as  a  contact  formation;  Traversella,  Piedmont;  the  Laacher  See  and  the  Eifel; 
Sasbacb  in  the  Kaiserstuhl;  Vesuvius,  white  nire,  green,  brown,  yellow  to  black;  Frascati; 
Etna:  the  Azores  and  Cape  Verde  Islands;  the  Sandwich  Islands,  and  many  other  regions 
of  volcanic  rocks. 

In  N.  America,  occurs  in  Mains,  at  Raymond  and  Rumford,  diopside,  saliie.  etc.  In 
Vermont,  at  Thetford,  black  augite.  with  chrysolite,  in  bowlders  of  basalt.  In  Conn,,  at 
Canaan,  white  cryst.,  often  externally  changed  to  tremoliie,  in  dolomite:  also  the  pyrox* 
enic  rock  called  eanaanite.  In  N,  York,  at  Warwick,  fine  cryst.;  in  Westchester  Co., 
white,  ^t  the  Sing  Sing  quarries;  in  Orange  Co.,  in  Monroe,  at  Two  Ponds,  cryst,  often 
large,  in  limestone;  near  Greenwood  furnace,  and  also  near  Edenville:  in  Lewis  Co  ,  at 
Diana,  white  and  black  cryst.:  in  St.  Lawrence  Co.,  at  Fine,  in  larp^e  cryst.;  at  Dc  Kalb, 
fine  diopside;  also  at  Gouverncur,  Rossie.  Russell,  Pitcairn:  at  Moriah,  cocrolite,  in  lime- 
stone. In  N.  Jeney,  Franklin  Furnace,  Sussex  Co.,  good  cvy^\.,9\sojefferHonite.  In  Penn,, 
near  Attleboro',  cryst.  and  granular;  in  Pennsbury,  »t  Burnett's  quarry,  diopside;  at  the 
French  Creek  mines,  Chester  Co.,  chiefly  altered  to  fibrous  amphibole.  In  Tenneteee,  at 
the  Ducktown  mines. 

In  Canada,  at  Calumet  I.,  grayish-green  cryst.  in  limestone:  in  Bathurst.  colorless  or 
white  cryst.;  at  Grenvillc,  dark  green  cryst.,  and  granular;  Burgess,  Lanark  Co.;  Renfrew 
Co.,  with  apatite,  titanite.  etc.;  Orford,  Sherbrooke  Co.,  white  crystals,  also  of  a  chrome- 
green  color  with  chrome  garnet;  at  Hull  and  Wakefield,  white  crystals  with  nearly  color- 
less garnets,  honey-yellow  vesuvianite.  etc.  At  many  other  points  in  the  Archsean  of 
Quc1)ec  and  Ontario,  especially  in  connection  with  the  apatite  deposits. 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecular  con- 
stitution without  essential  change  of  composition,  i.e..  by  pnramorphfsm  (using  the 
word  rather  broadly),  may  result  in  the  formation  of  some  variety  of  amphibole.  Thus, 
the  white  pyroxene  crystals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  to  tremo- 
lite;  similarly  with  other  varieties  at  many  localities.  Sec  uralite,  p.  401.  Also  changed 
to  steatite,  serpentine,  etc. 

AOMITU.    iBoiRiTB. 

Monoclinio.    Axes:  a  :  h  :  d  =  1-0996  :  1  :  0-6012 ;  /?  =  73M  V. 

Twins:  tw.  pi.  a,  yery  common;  crystals  often  poljrsynthetic,  with 
enclosed  twinning  lamella.  Crystals  long  prismatic,  rertically  striated  or 
channeled;  acute  terminations  yery  characteristic. 


■92  DBSCRIPTITE  HINBRALOQT. 

TIm  above  appllw  to  ordloarr  aemtfe.    For  agiriit,  cryiUI*  prUnuitle.  bluatlj  tentn- 
776.  77Ba.  nftted;   nrfui  nol  comiDon;   also  lo  Ki^ups  or  tufu  of  alendeT 

scicular  to  caplllaiy  cryiuU,  aud  In  flbroui  lonu*. 

Cleavaee:  m  diatiDct;  &  lees  so.  Fracture  nneveD. 
Brittle.  H.  =  6-6-5.  G.  =  3'50-3-55  Bgr.  Lmter 
vitreons,  indlniug  to  reeinous.  Streak  p^e  yellowish 
gray.  Color  brownish  or  reddish  brown,  green;  in  the 
fracture  blackish  green.  Subtransparent  to  opaqoe. 
Optically  — .  Ax.  pi.  |  b.  Bi,  /\  i  =  a  /\  6  =  -\- ''1° 
acniite,  to  6°  Kgirite.     /*,  =  1-808;  y—  a=^  0052. 

Tar.— Includes  acmilt  in  ifaarp- pointed  crysluls  (Fig.  T7B) 
otieu  IwiuB.  Bx.  A  i  =  ^'-V.  Also  trginte  fFfg.  7TO«)  In 
crystals  bluotly  lerminaled,  twins  rare.  Bxi,  a  i  =  ^°-«i*. 

"         '     of  ai'-    -'■-     -' '-"■     -     '    - 


i   often   show  a  jnnrked,  zonal  slmcture, 


Acmlte.  ^glrlte.  Cry  si 

grKu  wlihin 

ponimi  (acmi.., ^  ,  ..         .   „       .  □,  ■     

absorptlou  a>t>c,  but  the  furmer  Las  a  Ifglit  bruwn  with  tinge  of  green,  i  greeulali  yellow 
~'ilb  llnge  of   brown,   c  bruwi^lsh 


776. 


7Jjta. 


^■■^^-^. 


Slightly  acted  upon  by  acldi. 


yellow;  Itie  Intter  lias  ti  dee|>  grass- 
green,  i  lighler  gmss-green,  (  yel- 
lowish brown  10  yelliiw.stl. 

With  some  authors  (vom  Hath. 
etc)  «  =  (Oil)  anil  o  A  i  =  -  2* 
to  -  8°,  lis  iu  Fig.  776a  Fig,  776 
shows  the  oplicul  orieutatlon  ac- 
cording 10  BtOggtr. 

Comp.  —  Essentially    NaFe 
(SiO,),orNa,O.Fe,0..  4SiO,=  ** 
Silica    52-0,   iron    sesqnioxide 
34-6,  soda  13-4  =  100.  Ferrous 
iron  is  also  present. 

Fyr.,  at«.— B.B.  fuses  at  3  to  a 
lustrous  black  magnetic  globule, 
coloring  the  flame  deep  yellow  ; 
wllh  the  Oiixcs  reacts  for  Iron  auil  sometime*  maDganese,     _..^__._^ , j  - .  — 

DiS.— ^glritc  Is  cbaractcHzed  In  tbln  seotioiis  by  Its  grnss-green  color;  Btrong  pieo- 
cbroisra  in  tunes  of  green  and  yellow;  tlie  small  eitinclloD' angle  In  mcIIodb  |  A  (010). 
DistinKuished  Trom  common  preen  hornblende,  with  which  It  might  be  confounded,  by 
the  fact  that  En  such  sections  the  direction  of  extinction  lying  near  the  cleavage  la  nega- 
tive (a),  while  the  same  direction  In  hornblende  Is  positive  (c). 

Obs.— Tiie  orieinal  aemite  occurs  at  Ruiidemyr,  east  of  the  little  lake  called  Rokeberg- 
skjei-n.  In  the  pamh  of  Eker,  nenr  Eongi^berg,  Norway,  in  n  pegmatite  velnj  it  la  In  slen- 
der crystals,  sometimes  a  font  long,  embedded  In  feldspar  and  quartz, 

.HgiriU  occurs  especially  In  igneous  rocks  rich  In  Foda  and  ccntalnlog  Iron  :  thus  la 
(egli'ilv-grnnilc,  ncphclite-syenite,  and  somi!  varieties  oF  pbonollte  :  often  In  aucb  cnses 
Iron-ore  griilns  are  wanting  in  Ibe  rock,  their  place  being  tnlten  by  legiHte  crystals.  Id 
the  sub-vnrieiy  of  phonulite  calkd  linKuallo.  the  rock  has  often  a  deep  ereenlsh  color  dne 
m  the  abundance  of  ininnte  crystnls  of  tegirile.  Large  crystals  are  found  in  the  pegmatite 
fiicles  of  ncplielite-iyenlleH  as  In  West  Greenland,  Southern  Norway,  the  peninsula  Kola 
in  Kitssian  Lapland.  Itltro  In  Trnnsylvanla. 

rriiminenl  American  occurrences  are  the  following:  Magnet  Cove,  Arkanaas  (larce 
crysliils):  Montreal:  Salem,  Mnss.;  LIlHTtyvillc.  N.  X.  (dike):  Trnns  Pecos  district  In 
Texas  (Osann):  Black  Hill»;  Cripple  Creek.  Colorado;  Bearpaw  Hta.  and  Judith  Hts. 
(Pirsson),  and  the  Crazy  Alls,  (Wolfl)  in  MonUna. 

Aitniu  Is  named  from  aKuv.  point,  In  allusion  to  the  pointed  eztremltles  of  the  ciyalali; 
^giriu  is  from  ^glr,  the  Icelandic  god  of  the  sea. 


NorwJcl],  Mass. 


HIddentie. 


Trlpbane. 

Monoclinic.     Axes:  &.h:i=  1-1238  ;  1 :  0-6355;  J3  =  69°  40'. 
Twins:  tw.  pi.  a.    CryBtale  priematic  (mm'"  =  93° 0'),  often  flattened  j  a; 
the   vertical   plaEes  striated  and  fnrroved;    crystals  sometimes  rery  large, 
Also  massiTe,  cleavable. 

Cleavage:  m  perfect.  A  lamellar  stmcture  |  n  sometimes  very  prominent, 
ii  crystal   then   separating  into  777  773^  779 

ihin  plates.  Fractare  uneven 
to  euoconchoidal.  Brittle.  H. 
=  6-5-7.  G.  =  3-13-3-20.  Lus- 
ter vitreous,  on  cleavage  sur- 
faces somewhat  pearly.  Color 
greenish  white,  grayish  white, 
yellowish  green,  emerald -green, 
yellow,  amethystine  purple. 
Streak  white.  Transparent  to 
traaaluceot.  Pleochroism  strong 
in  doep  green  varieties.  Opti- 
cally -f-.  Ax,  pi,  i  b.  Bi,  A  i 
=  -f  26°  Dx.,  =  24°  to  25i° 
Greim.  Dispersion  p>  v,  hori- 
zontal.    2H„  =  6^°  58^';  fi,  -  1669;  y  -a  =  0-016. 

Hiddenitt  has  n  yellow-sreeu  I0  cnn-Tnldgrecu  color;  the  Utier  variety  is  used  aa  a  geui, 
la  amall  (|  Id.  to  2  liicliei  loog)  ek oiler  prismatic  crysials,  faces  ofieo  ciclied. 

(^•►— LiAI(SiO,),  or  Li,O.AI,0,.4SiO,  =  Silica  645,  ainmina  27-4,  litbia 
8*4  =  100.     Generally  contains  a  little  sodium;    the  1 
chrominoi,  to  which  the  color  may  be  due. 

Pyr.,  ato.— B,B.  becomes  while  atid  opflquo,  swells  up,  imparls  a  purplered  color 
(Htbki)  to  tlie  flame,  and  Fuses  at  8  5  to  a  cleiir  or  white  glass.  The  powdered  mlnera!. 
fused  with  a  mix  are  of  potnsslEiin  bUulpLnte  nud  Buoiite  ou  pliitiuum  wire,  gives  a  more 
iuEeiifie  lithfa  reactino,     Ni)t  acted  upon  by  acids. 

XMff  —Characterized  by  lis  perfect  orthodlftgoonl  parllDg  (in  some  varieties)  aa  well  as 
by  priamatic  ch'svage;  has  a  bigUor  speciAc  grHvlly  and  more  peiirty  luster  Iban  feldspar 
or  Mspollte.     Gives  a  red  flame  B.B.     Less  fuElble  than  amblygoulie. 

Oha.— Occurs  on  the  island  ot  UCJ!  SwedeL;  i>t  Killlney  Bay,  Ireland;  in  small  Irana- 
parent  cryalnli  of  a  pale  ytllow  in  Brazil,  province  oF  Minas  Genies, 

In  the  U.S.,  \a  granite  nt  Ooshen.  Mass.;  nlm  at  Cliesterlleld,  Chester,  Huullogto  11 
(formerly  Norwich),  and  Blerllog.  Mass. ;  al  Windham,  Maine,  with  garnet  and  siauroliie: 
at  Peru,  wlih  beryl,  trtphylile,  peialite.  In  Conn.,  at  BmTicliville,  llie  crystals  often  of 
immsnaeslEe:  uear  Stony  Point,  Alexander  Co.,  N.  C.  {hiddtniU);  In  South  Dakota  al  the 
ElU  tin  mine  In  Peuninglon  Co. 

The  name  apodumeue  is  from  traoSioi,  aih-a>lored.  HiddeniU  is  nnmed  for  W.  E. 
m<l<leD  of  New  York. 

The  apodumene  nt  Ooshen  and  Cliealerfleld  is  eTlenaively  altered;  pseuilomnrplis  occnr 
of  cymalolits  (an  Intimate  mixim'e  of  alhlte  »nd  miiscovlte  wllb  wavy  fllmms  siruclnre  and 
silky  luster),  killliilte  (pinlte).  muscovite,  albile,  qunrtz,  and  of  "vein  gninile."  S  inl'iir 
alteration-prod  ucu  occur  at  B  ranch  ville. 


'ariety  hiddenite  also 


Monoclinic  Axes,  see  p.  3S3.  Cleuvage  and  optical  characters  like  pyrnx- 
ene.  Usually  massive,  witlt  crystalline  Btriicttirt;,  sometimes  granular,' uii>u 
obscarely  columnar,  fibrous  foliated  to  closely  compact. 

CleaTAge:  prismatic,  at  angles  o(  about  9.1°  and  87°;  also  orthodiaponnl, 
diflBcnlt.  Frafitnre  splintery.  Extremely  tongh.  H.  =  6-5-7.  G  =3-33- 
3*35.     Ltiater  sabTitreotiB,  pearly  on  ettrfaces  of  cleavage.    Color  apple-green 
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to  nearly  cnierald-grceu,  bluitih  green,  leek-green,  greenish  white,  and  nearly 
white;  sometimes  white  with  spots  of  bright  green.  Opticallv  biaxial,  neg- 
ative. Bxa  A  ^  =  150°  to  40%  2H».y  =  8-^'''  48'.  Streak  uncolored.  Trans- 
lucent to  subtriinslucent. 

Com  p. — Essentially  a  metasilicate  of  sodium  and  aluminium  corresponding 
to  spoiliiniene,  NaAl(SiO,),  or  Na,O.Al,0,.4SiO,  =  Silica  59*4,  alumina  *J5*2, 
so(l;i  i:r4  =  lOO. 

Cal'iromelanite  is  a  dark  green  to  nearly  block  kind  of  jadeite  (hence  the  name),  coutaiu- 
ill  :  iiMii  s(f<{iuioxi(lu  and  not  conforming  exactly  to  the  abiove  formula. 

Pyr. .  etc.— ]M$.  fuses  readily  to  a  transparent  blebby  glass.  Not  attacked  by  acids 
after  fision.  and  thus  differing  from  siiussurite. 

Ob3. — Occurs  chiefly  in  eastern  Asia,  thus  in  the  Mogoung  distr.  in  Upper  Burma,  iu  a 
valicv  25  miles  southwest  of  Meinkhoom,  in  roiled  masses  in  a  reddish  clay;  io  Yuogchang. 
proviiic-  of  Yunnan,  southern  China;  in  Thil)et.  Much  uncertainty  prevails,  however,  as 
10  :lie  exact  localities,  since  jadeite  and  nephrite  have  usually  been  co-founded  together. 
May  occur  also  on  the  American  continent,  in  Mexico  and  South  America  ;  perhaps  also  in 
Europe, 

Jadeite  has  lon^  been  highly  prized  iu  the  East,  especiall)r  in  China,  where  it  is  worked 
into  ornaments  and  utensils  of  great  variety  and  beauty.  It  is  also  found  with  tlie  relics  of 
early  man,  tiius  in  the  remains  of  the  lake-dwellers  of  Switzerland,  at  various  ix>iQts  in 
Franco,  in  Mexico,  Greecre,  Egypt,  and  Asia  Minor. 

A  i^yroxene,  resembling  jadeite  in  structure  and  consisting  of  the  molecules  of  jadeite. 
dio,  >{(le,  and  acmite  in  nearly  equal  proportions,  occura  at  the  manganese  mines  of  St. 
M«rc(  1,  Iialy  (Penfield). 

J. \ i)K  i-t  a  general  term  used  to  include  various  mineral  substances  of  tough  com|)act 
icxture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  and  ornaments, 
and  still  highly  valued  in  the  East,  especially  in  China.  It  includes  proi)er]y  two  sj^ecies 
only ;  nephrite,  a  variety  of  amphibole  (p.  401),  either  tremolite  or  actinolitc,  with 
G.  =2-05-8  0,  ix\\i\  jadeite,  of  the  pyroxene  group  and  in  composition  a  soda-spodumene, 
with  G.  =  3-3-3-30;  easily  fusible. 

The  jade  of  China  belongs  to  both  species,  so  also  that  of  the  Swiss  lake- habitations  and 
of  Mexico.  Of  the  two.  however,  the  former,  nephrite,  is  the  more  common  and  makes  the 
jade  (ax  stone  or  Punamu  stone)  of  the  Maoris  of  New  Zealand:  also  found  in  Alaska. 

The  name  jade  is  also  sometimes  looscl}'  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used — thus  sillimanfte,  pec- 
tolite,  serpentine;  also  vcsuvianite,  garnet.  Bowenite  is  a  jade  like  variety  of  serpentine. 
The  •*  j?ide  tenace  "  of  de  Saussure  is  now  called  saussurite. 

WOLLASTONITE.     Tabular  Spar.     Tafelspath  Oerm. 
Monoclinic.     Axes  a\1)  :i=  1  0531  :  1  :  0-9676;  ft  =  84°  30'. 

780. 
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mm*  \ 

110  A  liO  =  92'  4^. 

hh"\ 

540  A  540  =  79'  58'. 

g^y 

Oil  A  Oil  =  87*51'. 

Cf. 

001  A  101  =  40*  y. 

cr, 

001  A  801  =  74*  59'. 

c%. 

001  A  101  =  45"  5'. 

T 

Diana,  N.  Y.  _ 

^^(/X  Twins:  tw.pl.  a.  Crvs- 

<t  tals  commonly  tabular  |  a 

..antorin.  ^^  ^.  ^^^  short  prismatic. 

Usually  cleavable  massive  to  fibrous,  fibers  parallel  or  reticulated;  also  com- 
pact. 

Cleavage:  a  perfect;  also  c\  t  (Toi)  less  so.  Fracture  uneven.  Brittle. 
11.  =  4*5-5.  G.  =  2*8-2 -9.  Luster  vitreous,  on  cleavage  surfaces  pearlv. 
Color  white,  inclining  to  grav,  yellow,  red,  or  brown.  Streak  white.  Sub- 
transparent  to  translucent.     Opticallv  — .     Bx^  a  <!  =  +  37**  40'.    Dispersion 
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p  >  V  weak;    inclined  strong.    Ax.  pi.  ]  b.     2Er  =  70°  40';    p  =  1*633; 
;/  -  a  =  0-014. 

Comp. — Caleinm  metasilicate,  CaSiO,  or  CaO.SiO,  =  Silica  51*7,  lime  48*3, 
=  100. 

'Pyx.,  etc. — III  tbe  matrass  no  change.  B.B.  fuses  easily  on  the  edges;  with  some  soda, 
a  blebby  ghi88;  with  more,  swells  up  nnd  is  infusible.  With  hydrochloric  acid  decom- 
posed with  separation  of  silica;  most  varieties  effervesce  slightly  from  the  presence  of  cal- 
cite.     Often  phosphoresces. 

Obs. — WoUustonite  is  found  especially  in  granular  limestone,  and  in  regions  of  granite, 
as  a  contact  formation;  also  in  ejected  masses  in  connection  with  basalt  and  lavas.  Ii  is 
often  associated  with  a  lime  garnet,  diopside,  etc. 

Occurs  in  the  copper  mines  of  Cziklowa  in  the  Banat;  at  Oniwitza;  at  Dogunczka  and 
Nagy^g;  nt  Pargas  in  Finland:  at  Harzburg  in  tbe  Uarz;  at  Auerbach,  in  granular  lime- 
atone;  at  Vesuvius,  rarely  in  fine  crystals;  on  Elba;  on  Santorin. 

lb  the  U.  8  ,  in  N.  York,  at  Willsborough;  Diana.  Lewis  Co.;  Bonaparte  Lake,  Lewis 
Co.  In  Penn.,  Bucks  Co.,  8  m.  w.  of  Attleboro'.  In  Canada,  at  Grenville;  nt  St.  J^rdme 
and  Morin,  Quebec,  with  apatite. 

Named  after  the  English  chemist,  W.  H.  Wollaston  (1766-1828). 

PBOTOIilTB. 

Monoclinic.    Axes:  d  :  J  :  <J  =  1-1140  :  1  :  0-9864;  ft  =  84°  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  I  t,  but 
rarely  terminated.     Fibrous  massive,  radiated  to  stellate. 

Cleavage:  a  perfect;  c  also  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2-68-2*78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous.  Color 
whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  +.  Ax.  pi.  and 
Bx»±ft;  Bxo  nearly  JLfl;  2Ho  =  143M45^ 

Conp^  Var.— HNiiCa,iSiO.),  or  H,O.Na,0.4Ca0.6SiO,  =  Silica  54  2,  lime 
33-8,  Boda  93,  water  2*7  =  100. 

Pectolite  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  whit*-  enamel.  De- 
composed io  part  bv  hydrochloric  acid  with  separation  of  siliea  as  a  jelly.  Often  gives  out 
light  when  broken  in  the  dark . 

Obs.— Oecurs  mostly  in  basic  eruptive  rocks,  in  cMvitics  or  senms:  ocnisionally  iir 
metamorphic  rocks.  Found  in  Scotland  near  Edinburgh;  at  Kilsyth,  Corstorphine  Hill 
(walkerite)\  I.  Skye.  Also  at  Mt.  Baldo  and  Mt.  Monzoni  in  the  Tyrol;  at  Niederkirchen, 
Biivaria  {(mneUte), 

Occurs  also  at  Bergen  Hill  and  Paterson.  N.  J.;  Lehigh  Co.,  Penn.;  compact  at  Isle 
Roynle.  L.  Superior;  at  Magnet  Cove,  Ark.,  in  elceolite-syeniie  {mangavpietoUie  with  4  p.  c. 
MuO);  compact,  massive  in  Alaska,  where  used,  like  jade,  for  implements. 

Rosanbnacliite.     Near  pectolile,  but  contains  zirconium.     From  Norway. 

W5hlerite  A  zirconium-silicate  and  niobate  of  Ca,  Na,  etc.  In  prismatic,  tabular 
cry.«ta1s,  yellow  to  brown  Occurs  in  elttolite-syenite,  on  several  islands  of  the  Lungesund 
fiord,  neir  Brevik,  in  Norway. 

I«aveiiite.  A  complex  zirconium-silicate  of  Mn.  Ca,  etc.,  containing  also  F.  Ti,  Tn. 
etc.  In  yellow  to  brown  prismatic  crystals.  Found  on  the  island  L&ven  in  the  Langesund 
fiord,  southern  Norway;  also  elsewhere  in  elceolite-syenite. 

y.  Triclinic  Section. 

RHODONITB. 

Triclinic.  Axes  o  :  J :  <J  =  107285  :  1  :  0-6213;  a  =  103"  18';  /?  =  108^ 
44';  y  =  Sr  39'. 

Crystals  usnally  lar^e  and  rough  with  rounded  edges.  Commonly  tabular 
I  c\  sometimes  resembling  pyroxene  in  habit.  Commonly  massive,  cleavablo 
to  compact;  also  in  embedded  grains. 
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Cleavage:  m,  if  perfect;  c  less  perfect.  Fracture  conchoidal  to  uneven^ 
very  tough  when  compact.  H.  =  5*5-6*5.  G.  =  a-4-3*68.  Luster  vitreous; 
on  cleavage-surfaces  somewhat  pearly.  Color  light  brownish  red,  flesh-red, 
rose -pink;  sometimes  s^reenish  or  yellowish,  when  impure;  often  black  outside 
from  exposure.     Streak  white.     Transparent  to  translucent. 

Comp.,  Yar. — Manganese  metasilicate,  MnSiO,  or  MtaO.SiO,  =  Silica  45'9, 
manganese  protoxide  54*1  =  100.  Iron,  calcium  (in  btistamite),  and  occasion^ 
ally  zinc  (in  fowler Ue)  replace  part  of  the  manganese. 


782. 


783. 


784. 


04'  26'. 

mM,   110  A  110  =  02*  28.' 

72*  36i'. 

en,     001  A  221  =  73'  W. 

78»  42t'. 

ek,     001  A  221  =  62'  28*. 

48*83'. 

kn,    221  A  221  =  86'  6'. 

Franklin  Furnace,  K.  J. 

ab,  100  A  010  : 
ae,  100  A  001  : 
be.  010  A  001  : 
am,  100  A  HO  : 

Pyr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2*6;  with  the  fluxes 

fives  reactions  for  manganese;  fowlerite  ^ives  with  soda  on  chtircoal  a  reaction  for  zinc. 
lightly  acted  upon  by  acids.  Tiie  culciferous  varieties  often  efferresce  from  inecbanicml 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  bydrockloric  acid,  and 
the  insoluble  part  l)ecomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  acme- 
times  becomes  nearly  black. 

Diff. — Characterized  by  its  pink  color;  distinct  cleavages;  fusibility  and  manganese 
reactions  B.B. 

Obs. — Occurs  at  L&ugban,  Wermlaud,  Swwlen,  in  iron-ore  beds,  in  broad  cleavage- 
plates,  and  also  granular  massive;  at  the  Pajsberg  iion  mines  near  Filipstad  (ptUsbergiU) 
fiomeiimes  in  small  brilliant  crystals;  in  the  district  of  Ekateriitburg  in  the  Ural  massive 
like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrahedrite  at  Kapnik 
4in(l  Rezbanya.  llungary;  St.  Marcel,  Piedmont;  Mexico  {hustamite,  containing  CaO). 

Occurs  ill  Cummington,  Mass. ;  on  Osgood's  farm,  Blue  Hill  Bay,  Maine;  fowlerUe  (con- 
tainii.;;  ZnO)  at  Mine  Hill.  Franklin  Furnace,  and  Sterling  Hill,  near  Ogdensburgh,  N.  J., 
usually  embedded  in  calcite  and  sometimes  in  tine  crystals. 

Nauu'd  from  /3o<5op,  a  rose,  in  allusion  to  the  color. 

Uhodonitc  is  often  altered  cliietiy  by  oxidation  of  the  MnO  ^as  in  mareeline^  dywniU^\ 
idso  by  hydration  (stratapeite,  nfotocite,  etc.);  further  by  iutroauction  of  COt  (dUagiU, 
p/totieitr,  etc  ) 

Babingtonite.  (Ca.Fe  Mn)Si03  with  FcafSiOs)*.  In  small  black  triclinic  crystals,  near 
rhodonite  in  nnijlc  (axes  on  p.  383).  H.  -  5  5-6.  Q.  =  3 •35-3-87.  From  Arcndal.  Nor- 
way;  at  Herl)orn>eelbach.  Nassiiu;  at  Baveno,  Italy. 

Hiortdahlite.  £s.sentinlly  (Na^.Ca)! Si. Zr)Os,  with  also  fluorine.  In  pale  yellow  tab- 
ular erysials  (triclinic).  Occurs  sparingly  on  au  island  in  the  Langesund  fiord,  soulhem 
Norway. 


SILICATES.  397 

3.  Amphibole  Group. 

OrthorhombiCy  Monoclinic,  Triclinic. 

CoinpoBition  for  the  most  part  that  of  a  metasilicate,  KSiO,»  with  R  = 
CayMg^Fe  chiefly,  also  Mu^Na  (E.)3,.  Further  often  containing  alaminium 
and  ferric  iron^  in  part  with  alkalies  as  NaAl(SiO  J,  or  NaFe(SiO,), ;  perhaps 

also  containing  BB,SiO,. 

a,  Ortharhamhic  Section* 

Anthophyllite  (Mg,Fe)SiO,  0-5138 : 1 

Gbdbitb  (Mg,Fe)SiO,  with  (Mg,Fe)Al,SiO, 

fl,  Monoclinic  Section. 

a  :l  I  6  6 

Amphibole  0-5511  : 1  :  0*2938        73^58' 

I.   NONALUMINOUa  VABJETIEa. 

1.  Tbbmolitb  CaMg,(SiO,), 

2.  AcTiNOLiTE  Ca(Mg,Fe),(SiO,). 

Nephrite,  Asbestos,  Smaragdite,  etc. 
Gummingtonite       (Fe,Mg)SiO, 
Dannemorite  (Fe,Mn,Mg)SiO, 

Grunerite  PeSiO, 

3.  RiCHTERiTB  (K„Na,Mg,Ca,Mn),(SiO,), 
II.  Aluminous  Varieties. 

4.  HORKBLENDB 

Par^lue  and  I  ^^'^^^  Ca(Mg.Fe).(SiO.),  with 

SKn  H^blende  }  Na.AUSiO.).  and  (Mg,Fe).(Al,Fe).Si.O.. 

Olanoophane  NaAl(SiO,)..(Fe,Mg)SiO, 

A  :h:d  ft 

Siebeckite  2NaFe(SiO,),.FeSiO, 0*5475  :  1  :  02925  =  76^  10* 

CroddoUte  NaFe(SiO,),.FeSiO, 

Arfredionite  Na.(Ca,Mg).(Fe,Mn),,(Al,Fe).Si.,0,, 

0-5509  :  1  :  0-2378  =  73**    V 

y.  Triclinic  Sectitm. 

jBnigmatite. 

The  only  species  included  under  the  triclinic  section  is  the  rare  and  im- 
perfectly known  SBnigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  number  of  species  which,  while  falling 
in  different  systems,  are  yet  closely  related  in  form — as  shown  in  the  common 
prismatic  cleayage  of  54°  to  56° — also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  383),  the  species  of  this  group  form  chem- 
ically a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  other  characters. 
The  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
spedeBy  and  those  known  show  less  variety  in  form. 

m  I.  .,  '      .       ■   s 


398 


DESCRIPTIVE  MINEBALOQT. 


The  chief  dutinetions  between  pyroxene  and  aiQphibole  proper  are  the  following : 

Prismalic  angle  with  pyroxene  87"  and  93**;  with  aniphihole  56°  and  124*";  the  prismatic 
cleavage  being  much  more  distinct  in  the  latter 

With  pyroxetie,  cr^'stals  usually  short  prismatic  and  oftCD  complex,  structure  of  massive 
kinds  mostly  lamellar  or  gniDular  ;  with  amphibole,  crystals  chiefly  long  prismatic  and 
simple,  columnar  and  fibrous  massive  kinds  the  rule. 

The  specific  gravity  of  most  of  the  pyroxene  varieties  is  higher  than  of  the  like  varieties 
of  amphibole.  In  composition  of  corresponding  kinds,  maguesiam  is  present  in  larger 
amount  in  amphibole  (Ca  :  Mg  =  1  :  1  in  diopside,  =  1  : 8  in  tremoHte) ;  alkalies  mure 
frequently  play  a  prominent  part  in  amphibole. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regards 
the  position  of  the  ether-axes,  is  exhibited  by  the  following  figures  (Cross)  j 
compare  Fig.  751,  p.  384,  for  a  similar  representation  for  the  corresponding 
members  of  the  pyroxene  group. 

786. 
L  IL  IIL  IV.  V.  VI. 


I.  Anthuphyllite.        II.  Glaucophane.      III.  TremoHte,  etc.      IV.  Hornblende. 

V.  Arfvedsonite.        VI.  Riebeckite. 


a.  Orthorhombic  Section. 
ANTHOPHYLUTE. 

Orthorhombic.  Axial  ratio  r?  :  5  =  0*5 137  :  1.  Crystals  rare,  habit  pris- 
matic (mm'"  =  54°  23).  Commonly  lamellar,  or  fibrous  massive;  fibers  often 
very  slender;  in  aggregations  of  j>risms. 

"CU'jivage:  prismatic,  perfe(!t;  6 less  so;  a  sometimes  distinct.  H.  =  5*5-6. 
G.  =  3  •1-3-2.  Luster  vitreous,  somewhat  ])carly  on  the  cleavage -face.  Color 
brownish  gray,  yellowish  brown,  clove-brown,  brownish  green,  emerald -green, 
sometimes  metalloidal.  Streak  nncolored  or  grayish.  Transparent  to  sub- 
translucent.  Sometimes  pleochroic.  Usually  optically -f ;  also -}- for  red, 
—  for  yellow,  green.  Ax.  pi.  always  ||  h,  Bx^  usually  J_  r;  also  ±_  c  for  red,  J.  a 
for  yellow,  green.     Axial  angle  large,     fi  —  1*042  \  y  —  a  :=  0*024. 

Comp.,  Var. — (Mg,Fe)Si02,  correspondinir  to  enstatite-bronzite-hyperstliene 
in  the  pyroxene  group.  Aluminium  is  sometimes  present  in  considerable 
amount.  Tliere  is  the  same  relation  in  optical  character  between  anthophyl- 
lite  ( +)  and  gedrite  (  — )  as  between  enstatite  and  hypersthene  (cf.  Figs.  753, 
754,  p.  385). 

Var.— ANTnoPHYLMTE,  Mix  :  Fo  =  4  :  1,  3  :  1,  etc.  For  8  : 1,  the  percentage  composi- 
tion is:  Silicji  Tm-G,  iron  protoxide  16*6,  magnesia  27*8  =  100.  Anthopbyllite  ftonie. 
times  occurs  in  forms  re^emMintr  Jisbestus. 

Aluminotift,  Gn)KiTE.  Iron  is  present  in  larger  amonnt.  and  also  nluniinium;  it  hence 
corresponds  neiirly  to  ii  hypersihent*.  S"mr  varieties  of  which  are  hif^hly  aluminous. 

Ilydrovs  anihophylliUs  have  been  np< "at odly  described,  but  in  mo^t  cases  they  have  been 
shown  to  be  hydrnted  monoclinic  amphil»olcs. 

Pyr,  etc.— B  B.  fuses  with  difflculty  to  a  black  magnetic  enamel ;  with  the  fluxes  givca 
reactions  for  iron;  unacted  upon  liy  acids. 

ObB  — Anthopbyllite  c  rcurs  in  mica  schist  near  Kongsber^  in  Norway:  at  HermaDii- 
Bchlag,  Moravia.   lu  the  U.  S.»  at  the  Jeuks  corundum  mine,  Frauklii:,  Macon  Co.,  K.  C. 
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The  origtoal  gedrit*  is  from  the  Tftllej  ot  H^,  ne&r  0£die«,  France.    Named  from  anlAo- 
phyllum,  tbvt.  Id  allosion  to  the  clore-browa  color. 

/3.  Jfo»ocKn<0  Section. 
AMPBIBOLB.       Hornblende. 

Monoolinic    Axes  i:h:i  =  0-5511 : 1 : 0-2938;  P  =  73°  58'. 

»w,  110  a  iio  =  65''«'.  ft',  on  AOiissrsy. 

Ai,   001  A  100  =  78*  Bff.  U.   081  A  06l  =  80°  82*. 

ep,        001  A  iOl  =  ai"  0'.         jir,  iOl  A  Oil  =  84"  25*. 

Twins:   (1)  tw.  pi.  a,  commou  aa  contact-twine;  rarely  poljayntbetic.     (3) 

c,  aa  tw.  lamellae,  occasionally  prodncing  a  parting  analogous  to  that  more 

common  with  pyroxene  (Fig.   430,  p.  131).    Crystals  commonly  prismatic; 

usually  terminated  by  the  low  clinodome,  r  (Oil),  sometimes  by  r  and  p  (lOl) 

equally  developed  and  then  suggesting  rhombohedral  torms(aBof  tourmaliue). 

786.  788.  789.  79a 
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Also  columnar  or  fibrons,  coarse  or  fine,  fibers  often  like  flai;  rarely  lamellar; 
also  grannlar  massive,  coarse  or  fine,  and  usually  strongly  coherent,  but  some* 
times  friable. 

Cleavage:  m  highly  perfect;  a,  h  sometimes  distinct.  Fracture  snbcon- 
choidal,  uneven.  Brittle.  H.  =  5-C.  Q.  =  2-9-3-4,  varying  with  the  com- 
position. Luster  vitreous  to  pearly  on  cleavage-facea;  fibrous  varieties  often 
silky.  Color  between  black  and  white,  through  various  shades  of  green,  inclin- 
ing to  blackish  green ;  also  dark  brown;  rarely  yellow,  pink,  rose-red.  Streak 
nncolored,  or  paler  than  color.  Sometimes  nearly  transparent;  usually  sub- 
tranilucent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  aa  described 
beyond.  Absorption  usually  c  >  b  >  a.  Optically  — ,  rarely  +.  Ax.  pi.  \  b, 
Extinction -angle  on  b,oT  c  A  i  =  -\-  15°  to  18°  in  most  cases,  but  varying  from 
about  1°  np  to  37°;  hence  also  Bi,  /\  i  =  —  75°  to  —  72°,  etc.  See  Fig. 
791.     Dispersion  p  <  v.     Axial  angles  variable;  see  beyond. 

Conp.,  Tar. — In  part  a  normal  metasilicate  of  calcium  and  magnesium, 
RSiOi,  usnallv  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes,  ^he  alkali  metals,  sodium  and  potassium,  also  present,  and  more 
commonly  so  than  with  pyroxene.  In  part  also  aluminous,  corresponding  to 
the  alamiuouB  pyroxenes.  Titanium  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 


eaplalncfl  u  oontaialBg  R(AI,F«)(SLO(,  but  the  exact  nature  of  the  compound  in  often 
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doubtful.    The  amphibole  formulas  are  in  many  cases  double  the  correspondiag  oaei  for 

pyroxene.    Thus,  for  most  tremoliie  and  actiuolile,  Ca :  Mg(Fe)  =  1:8,  and  hence  tremo- 

lile  is  CaMg.Si40i„  while  dio|)side  is  CuMgUi,0«.  etc. 

Rammelsberg  has  ithowu  that  the  conipositiou  of  most  aluminous  nmphiboles  may  be 

expressed  in  the  general  form  mRSiOa.nAltOa;  while  Scharizer,  modifying  this  View. 

proposes  to  regard  the  amphiboles  as  molecular  compounds  of  Ca(Mg,Fe;t8i«Oit  (actino- 

I     II    m 

lite),  and  the  orlhosilicate  (Ri.U)aKiSiaOit.  for  which  he  uses  Breithaupt's  name  t^lag^ 
matite,  originally  given  to  the  Vesuvian  hornblende. 

791.  791a. 


9^Mx^ 


The  crvstallographic  position  here  adopted  is  thiit  suggested  by  Tschermnk,  which  best 
exhibits  the  i-elaiiou  between  amphibole  and  pyroxene.  Some  authors  rctnin  the  former 
position,  according  to  which  p  =  (001),  r  =  (111),  etc.  Fig.  791a  shows  the  correapondiDg 
optical  orientation. 

I.  Containing  little  or  no  Aluminium. 

1.  Tremolite.  Grammatite,  nephrite  pt.  Calcium -magnesium  amphibole. 
Formula CaMg,(SiO,),  =  Silica  57*7,  magnesia  289,  lime  13-4  =  100.  Ferrous 
iron,  replacing  the  magnesium,  present  only  sparingly,  up  to  3  p.  c.  Colors 
white  to  dark  gray.  In  distinct  crystals,  either  long-bladca  or  short  and  stout 
In  aggregates  long  and  thin  columnar,  or  fibrous;  also  compact  granular  mas- 
sive (nephrite,  p.  401).  G.  =  2  9-3'l.  Sometimes  transparent  and  colorless. 
Optically  — .  fextinction-anfjle  on  ^,  or  c  A  ^  =  +  16°  to  18**,  hence  Bx^  A  i 
=  _  74*  to  -  T2°.     2Vy  =  80°  to  88^     /3j  =  1621;  >^  -  a  =  0  027. 

Tremolite  was  named  by  Pini  from  the  Tremola  valley  on  the  south  side  of  the  SL 

Ootlmiij. 

2.  AcTiNOLiTE.  Strahlstein  Genn.  Calcium-magnesium-iron  amphibole. 
Formula  Ca(Mg,Fe),(SiO  J:..  Color  bright  green  and  grayish  green.  In  cryatals, 
ritlier  RJiort-  or  lonfjf-bladed,  as  in  tremolite;  columnar  or  fibrous;  granular 
massive.  G.  =  3-3'2.  Sometimes  transparent.  The  variety  in  long  bright- 
irroon  crystals  is  called  glass?/  acfinoUte;  the  crystals  break  easily  across  the 
prism.  The  fibrous  and  radiated  kinds  are  often  called  asbestiform  aciinolite 
ami  radiated  actinolite,  Actinolite  owes  its  green  color  to  the  ferrous  iron 
present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  henoe 
the  color  becomes  darker:  c  emerald-yeen^  b  yellow-green,  a  greenish  yellow. 
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Absorption  c>  b  >  a  Zillerthal^  Tschermak.  Optically  — .  Extinction-angle 
on  i,  c  A  <J  =  + 16°  and  Bx^  A  i  =  -  75^  2Vy  =  80";  p<v;  /?y  =  1*627; 
y  "  a=:  0025. 

Named  actlnolite  from  dxrir,  a  ray,  and  Xt^o^,  $Ume,  a  translation  of  the  German 
Strahlatein  or  radiated  stone.    Name  changed  to  aetinote  by  HaUv,  without  reason. 

Nbphritb.  Jade  pt.  A  tough,  comoact.  fine-grained  tremolite  (or  actinolite),  breaking 
with  a  splintery  fracture  and  glistening  luster.  H.  =  6-6*5.  G.  =  2*96-8-1.  Named  from 
a  supposed  efficacy  in  diseases  of  the  kidney,  from  y€4fp6i,  kidney.  It  varies  in  color  from 
white  (tremolite)  to  dark  green  (actinolite),  in  the  latter  iron  protoxide  beine  present  up  to 
6  or  7  p.  c.  The  latter  kind  sometimes  encloses  distinct  prismatic  ci^stuls  of  actinolite.  A 
derivation  from  an  original  pyroxenic  mineral  has  been  suggested  in  some  cases.  Nephrite 
or  Jade  was  brought  in  the  form  of  carved  ornaments  from  Mexico  or  Pern  soon  after  the 
discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zealand  and  Alaska 
See  ladeite,  p.  898;  Jude,  p.  894. 

Abbbstdb.  Asbestos.  Asbest  Germ.  Ti-emolite,  actinolite,  and  other  varieties  of 
amphibole,  exoeptinff  those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers 
of  which  are  sometimes  very  long,  fine,  flexible,  and  easily  separable  by  the  fineere,  and 
look  like  flax.  These  kinds  are  called  aebeetue  (fr.  the  Gieek  for  incombustible).  The  colors 
vary  from  white  to  green  and  wood-brown.  The  name  amianthus  is  applied  usually  to  the 
finer  and  more  silky  kinds.  Much  that  is  popularly  called  asbestus  is  ehrysottUt  or  fibrous 
terpentine,  containing  12  to  14  d.  c.  of  water.    Byssolite  is  a  stiff  fibrous  variety. 

Mountain  leather  is  in  thin  nexible  sheets,  made  of  interlaced  fibers;  and  mountain  eork 
the  same  in  thicker  pieces;  both  are  so  light  as  to  float  on  water,  and  they  are  often  hydrous, 
color  white  to  gray  or  yellowish.  Mountain  vood  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  dry  wood. 

Smaragditb.  a  thin-foliated  variety  of  amphibole.  near  actinolite  in  composition  but 
carrying  some  alumina.  It  has  a  light  grass-green  color,  resembling  much  com n  on  green 
dialfage.  In  many  ^ases  derived  from  pyroxene  (diallage)  by  uralitization,  see  below.  It 
retains  much  of  the  structure  of  the  diallage  and  also  often  encloses  remnants  of  the  original 
miDoral.    It  forms,  along  with  whitish  or  greenish  saussurite,  a  rock  called  saussuiite- 

Sbbro.  the  euphotide  of  the  Alps.     The  original  mineral  is  from  Corsica,  and  the  rock  is 
B  9erde  di  Corsica  duro  of  the  arts. 

Urautb.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  letain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  Ihe  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregation  of  slencler 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  ptirent  pyroxene  (cf.  Fig. 
760,  p.  886).  When  the  change  is  complete  the  entire  crystal  is  made  up  of  a  bundle  of 
amphibole  needles  or  fibers.  The  color  varies  from  white  (tremolite)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  actinolite, 
as  t^so  in  optical  characters.  The  most  prominent  change  in  composition  in  passing  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  species 
in  general,  that  is,  an  inprease  in  the  magnesium  and  decrease  in  calcium.  The  clianee, 
therefore,  is  not  strictly  a  case  of  paramorphism,  although  usually  so  designated.  Uralite 
wag  originally  describc^a  by  Rose  in  a  rock  from  the  Ural.  It  has  since  been  observed  from 
many  looditfes.  The  microscopic  study  of  rocks  has  shown  the  process  of  "uralitization " 
to  be  very  common,  aud  some  authors  regai-d  many  homblendic  rocks  and  schists  to  repre- 
sent altered  pyroxenic  rocks  on  a  large  scale. 

CumfXHGTONiTB.  Amphibole  •  Anthophyllitc.  Iron  -  Magnesium  Amphibole,  Here 
belong  certain  varieties  of  amphibole  resembling  anthophyilite  and  essentially  identical  with 
it  in  composition,  but  optically  monoclinic.  From  Eongsberg;  Gieenland.  The  original 
ewnmingtanite  is  gray  to  brown  in  color;  usually  fibrous  or  fibro-lamellar,  often  radiated. 
0.  =  8*1-8*82;  from  Cummin gton,  Mass. 

DAmiBXORXtB.  Iron-Manganese  Amphibole.  Color  yellowish  brown  to  greenish  gray. 
Oolumnar  or  fibrous,  like  tremolite  and  asbestus.  Contains  iron  and  manganese.  From 
Sweden. 

GBOHBBrrB.  Iron- Amphibole.  Asbestiform  or  lamellar-fibrous.  Luster  silky;  color 
Ihowd;  O.  =  8-718.    Formula  FeSiO.. 

3.  BiCHTBBiTB.    Sodium-Magnesiurn'Manganese  Amphibole.    (K«,Na„Mg, 

Oa,Mn)«(SiO.),. 

In  elongated  crystals,  seldom  terminated.  G.  =  8*09.  Color  brown,  yellow,  rose-red. 
TfiiM|»renft  to  translucent  c  a  i  =  +  H'^-aO*;  0j  =  1*68;  r  -  «  =  0*034.  From  Pajs- 
berg  Mid  LAogban,  Sweden.  Characterized  by  the  presence  of  manganeae  and  alkalies  in 
nltti^j  large  amount 
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II.  AlumiHt 


4.  Aluuinous  Auphibole.  Hornblende.  Coutsina  alnmiDa  or  ferric 
iron,  aud  usually  both,  with  ferrons  iron  (sometimes  Djangaaese),  maguesium, 
calcium,  and  alkalies.  The  kinds  here  included  range  from  the  light-colored 
edenite,  containing  but  little  iron,  through  the  light  to  dark  green  pargatitt, 
to  the  dark-colored  or  black  komblentU,  the  color  growing  darker  with  increaM 
in  amount  of  iron.  Extinction-angle  variable,  from  0"  to  37%  see  below. 
Pleochroism  strong.     Absorption  usually  c  <  b  <  u. 

Edehite.  Atuminmu  Xagnetium-Catciiim  Ampliibolt.  Color  wliile  to  gray  and  pale 
pretrn.  and  also  colorless;  O.  —  :-)'0-3  059.  KeseiDbleaatitbopbyllileaudtremollte.  Named 
frani  tlie  loc-alily  st  I£deovillc,  N,  Y.  To  tbis  variety  belong  varioiu  pale-colored  ampbi- 
liolua.  hikviog  less  tlina  S  p.  c.  oF  iron  oxides. 

Koktharovilt  is  h  vnricly  from  the  neigUborbood  of  L.  Baikal  named  after  the  RiuiiiD 
n>iiiuriilu!;ist,  N.  voii  Koksliarov. 

CoMMiiN  HoRNBr.BNDK,  Pakoakitk.    ColoTa  brlgbt  or  dark  green,  and  blulah  greeo  to 

f;n.y\»\i  bliick  nud  black.  Q.  =  3  05-3-47.  Pargiuiie  ia  usually  made  lo  iuclude  green  and 
i1  II i ah- green  liiuds,  occurrlag  io  alout  liiMruus  ciyiUiU,  or  gmnular;  nud  Common  horn- 
bUtiJe  tbe  greeolab  bluck  aud  black  kinds,  wLetlier  io  aloul  crystala  or  long-bladed, 
culumtmr,  libroiia.  or  lUBSsive  granukr.  Bill  no  line  can  be  druwa  between  litem.  Tbe 
eWinclioL-nugle  on  6,  or  (  a  ^  =  +  15°  to  35°  chlufly.     Absorption  c>  6  >  a. 

i'ai-gatiU  occurs  nt  Pargus,  Pin1an<l.  in  bluish  greun  snil  g ray iali -black  cryatala.  c  a  i 
=  +  18°;  fl=  1-64;  r  -  «  =  0019;  aV  =  59°.  PTeocbroUin:  c  greeoUU  blue;  ft  emeiald- 
gret-n;  ogrn.  yellow. 

The  dui'b  brown  lo  biiick  hornblende*  from  bnsaltic  and  oilier  igneous  rocks  vary  some- 
wbnt  widely  in  opliol  fbaractcrs.  Tbe  angler  a  *  =  0°  io-|-  10'  cbicfly;  fl  =  l'T35;  y  — 
a  —  Q  072  {miiximiiui).     Pleocbroimn:  c  brown,  t  ydlnw,  a  yw.  greeu,  but  variable. 

Tiie  KiU<ffon(t  of  Norway  (BrSgger)  lias  c  A  i  =  30°  to  60";  abaorptlon  i  >  c  >  a;  pleo- 
cbroi-ini:  t  yellow,  b  violet,  ayw.  brown:  h  a[>pr<>xlinii(cs  toward  arfvediioniUt  (p.  405). 

Kiipfferitt.  from  a  gmphile  mine  in  the  Tunkinsk  Mts.,  near  L.  Baikal,  la  a  (ieep  green 
■lupblbiilu  lalLuninoiis)  formerly  referred  lo  ntitbupbyllite. 
l^iilnffmiitiU  U  Ibe  black  huml>len<lc  of  Vesuvius. 

liergnmatktte  is  no  irun-nraphibole  conluiniug  almost  no  majjnesla.  FromHoule  Altlno. 
Provliici;  of  Berganii.,  Iialy. 

KiieiMuCilt  In  u  [itanifcniiis  nmplilbolc  from  Eacraut,  Umanaka  fiord,  North  Grcealaud. 
Ihittiiigtite  is  iiu  nniphilicilu  liiw  iu  silica  uiid  bigli  in  Iron  and  soda,  from  tbe  nephelile- 
nyeiiiit  i.r  Diiii-iiini.iii,  Iliislinga  Co.,  Ounirli.. 

Pyr— KBs<riiiliill.v  Ibu  Hiiiiie  as  for  the  cuirespondlng  vnrietlca  of  pyroxene,  aee  p.  390. 

Diff.—  ]>isiiti)riiislieil  from  pyroxene  (and  tourmaline)  by  lis  disIiiicL  prismatic  clenvnge, 

yic-1din,L.'  llllt;ic^'  i>f  SK'  nnd  rj4°.    Filirous  iiud  columnar  form^  arc  much  more  commou  than 

wilb  pyroxene.  );iinellur  aud  follnlud  forma  rare  (Kee  also  pp.  390.  S9H).    Cryatnla  iiflen  louc. 

792  slend'T,  or  bladed.     DifTeis  from  the  fibrous  zeolites  in 

not  f:c1iiliniziii[;  wilb   nclds.     Epidolc  ba*  a  ncculi'r 

green  colur,  U  more  fusible,  and  shows  a  uifTereni 

clnivofrc. 

Ill  nick  aceltoDS  iimpbHiole  gcucmlly  abnwa  ilislfiiel 
[  cnUirs,  jT'eeii,  siimcliniea  olive  or  biowo.  and  la  slroot'ly 
pliocbmic.  Also  recofinized  by  its  bigh  relief ;  gen- 
erally riitlitr  blfth  iiilcrrereuce-colorii;  by  tbe  very  per- 
feci  svBturii  of  rli-avuKP-e rucks  criwaing  iit  nnglcN  <if  56* 
and  Urinseeiions  l  ^  (Fig.  793).  In  ■eellons  16(010) 
(recognized  by  yielding  no  axial  fiRure  in  (wivcrsent  light,  by  showing  (he  higlicn  inter- 
ference ■I'olor?*,  nnd  by  biivbic  pnr;illel  clciiV!ipr-iTa<ks.  |  h).  the  extIiiclliin-ilirvGlii>n  fur 
Gomiiiim  liornblendea  makes  a  amuU  :ui!;li;  I12°-1.V)  with  Hie  cieavnge-c racks  {i.e.,  with  i); 
furtber.  Ibis  direclion  is  positive  t  (dillerent  fr.,m  comiiion  pyroxene  and  eglrlle,  cf.  Pigs. 
77'J  !\M.I  77(1). 

Oba.  — Am  pill  bole  occurs  In  mimy  cnalallinc  limertones,  and  gtanlllc  and  icb'atose 
rocks,  and  sparingly  in  vok-iinlu  rocks.     TremoUtt,  ihe  mugiiesin-limo  variety.  Is  especbilly 
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common  ia  limestones,  particularly  mngnesian  or  dolomitic;  actinclite  (also  nephrite),  tbe 
magnesia-lime-iron  variety,  in  steatilic  rocks  and  with  serpentine;  and  dark  green  and 
black  hambUnde,  in  chlorite  schist,  mica  schist,  gneiss,  and  in  various  other  rocks  of 
which  it  forms  a  •ouslltuent  part;  brown  to  black  hornblende  occurs  in  trachyte  and  other 
eruptive  rocks.    Asbestus  is  often  found  in  connection  with  serpentine. 

HornbUnd^-roekt  or  amphUtoUte,  consists  of  massive  hornblende  of  a  dark  greenish  black 
or  black  color,  and  has  a  granular  texture.  Occasionally  the  green  hornblende,  or  uctino- 
lite,  occurs  in  rock-masses,  as  at  St.  Francis,  in  Canada.  H&rnblende^chkt  has  the  same 
composition  as  amphibolite,  but  is  schistose  or  slaty  in  structure.  It  often  contains  a  little 
feldspar.  In  some  varieties  of  it  the  hornblende  is  in  part  in  minute  needles,  (iranite  and 
svenite  often  contain  hornblende,  and  with  diorite  it  is  a  common  constituent.  This  is 
also  true  of  the  corresponding  forms  of  gneiss.  In  these  cases  it  is  usually  present  in  small, 
irregular  masses,  often  fibrous  in  structure ;  also  as  rough  bladed  crystals. 

Prominent  foreign  localities  of  amphibole  are  the  following:  Tremoliie  (grammntite) 
in  dolomite  at  Campolongo,  Switzerland;  also  at  Orawitza,  Kezb&nya,  Hungary;  Guls]5, 
Wermland,  Sweden.  Aetinolite  in  the  crystalline  schists  of  the  Central  and  £)iistern  Alps, 
especially  at  Greiuer  in  tbe  Zillerthal;  at  Z5blitz  in  Saxony;  Arendal,  Norway.  Asbestus  at 
Sterzing,  Zillerthal,  and  elsewhere  in  Tyrol;  in  Savoy;  also  in  the  island  of  Corsica.     Par- 

foMte  at  Pargas,  Finland:  Sauaipe  in  Carinthia.  Hornblende  at  Arendal  and  Kongsberg, 
Norway;  in  Sweden  and  Finland;  at  Vesuvius:  Aussig  and  Teplitz,  Bohemia; etc.  ^ephriis, 
which  in  the  form  of  **  jade  "  ornaments  and  utensils  is  widely  distributed  among  the  relics 
of  early  man  (see  jade,  p.  894),  is  obtained  at  various  points  in  Central  Asia.  The  most 
important  source  is  that  in  the  Karakash  valley  in  the  Kuen  Lun  Mts.  on  the  southern  bor- 
ders of  Turkestan;  also  other  localities  in  Central  Asia.  In  New  Zealand.  Nephrite  has 
been  found  in  Europe  as  a  rolled  mass  at  Schwemmsal  aear  Leipzig;  in  Swiss  Lake  habita- 
tions and  similarly  elsewhere. 

In  tbe  United  States,  in  Maine,  black  crystals  occur  at  Thomaston;  pargasiie  at  Phipps- 
burg.  In  Vermont,  aetinolite  in  the  steatite  quarries  of  Windham  and  New  Fane.  In 
Jiias$.,  tremolite  at  Lee;  black  crystals  at  Chester;  asbestus  at  Pel  ham;  eummingtonite  at 
Cummington.  In  Conn,,  in  large  flattened  white  crystals  and  in  bladed  and  fibrous  forms 
(tremolite)  in  dolomite,  at  Canaan.  In  N.  York,  Warwick,  Orange  Co.;  near  Edenviile; 
near  Amity;  at  the  Stirling  mines,  Orange  Ca;  in  short  green  crystals  at  Gouvenieur,  St. 
Lawrence  Co.;  with  pyroxene  at  Russell;  a  black  variety  at  Pierrepont;  at  Macomb;  Pit- 
cairn;  tremolite  at  Fine:  in  Rossie,  2  m.  N.  of  Oxbow;  in  large  white  ci^stals  at  Diana, 
Lewis  Co.;  asbestus  near  Greenwood  Furnace.  In  N.  Jersey,  tremolite  or  gray  amphibole 
in  ffood  crystals  at  Bryam,  and  other  varieties  of  the  species  at  Franklin  and  Newton,  radi- 
ated aetinolite.  In  Penn.,  aetinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionville;  at 
Kennett,  Chester  Co.  In  Maryland,  aetinolite  and  asbestus  at  the  Bare  Hills  in  serpentine; 
asbestus  is  mined  at  Pvlesville,  Harford  Co.  In  Virginia,  aetinolite  at  Willis's  Mt.,  in 
Buckingham  Co.;  asbestus  at  Barnet's  Mills,  Fauquier  Co.     Nephrite  occurs  in  Alaska. 

In  Canada,  tremolite  is  abundant  in  the  Laurentian  limestones,  at  Calumet  Falls,  Litch- 
field, Pontiac  Co.,  Quel)ec;  al«o  at  Blythtield,  Renfrew  Co.,  and  Dalhousie,  Dmark  Co. 
Black  hornblende  at  varitms  localities  in  Quebec  and  Ontario  with  pyroxene,  apatite, 
titanite,  etc.,  ns  in  Renfrew  Co.  Asbestus  and  mountain  cork  at  Buckingham,  Ottawa  Co., 
Que))ec;  a  t>ed  of  aetinolite  at  St.  Francis,  Beauce  Co.,  Quebec;  nephrite  has  been  found 
in  British  Columbia  and  Northwest  Territory. 

OLAUOOFHANB. 

Monoclinic;  near  amphibole  in  form.  Crystals  prismatic  in  habit,  usually 
indistinct;  commonly  massive,  fibrous,  or  columnar  to  granular. 

Cleavage :  m  perfect.  Fractureconchoidal  to  uneven.  Brittle.  II.  ~  6-f)r>. 
G.  =  3"103-3'113.  Luster  vitreous  to  pearly.  Color  azure-blue,  lavender- blue, 
bluish  black,  grayish.  Streak  grayish  blue.  Translucent.  Pleochroisni 
stronfi^ly  marked:  c  sky-blue  to  ultramarine-blue,  b  reddish  or  bluish  violet, 
a  yellowish  green  to  colorless.  Absorption  c  >  b  >  a.  Optically  +.  Ax. 
pi.  I  A.  C  A  <5  =  4°  to  6%  rarely  higher  values.  2E^r  =  84°  43'.  (i  =  1-6442 
(gastaldite);  >^  —  a  =  0022. 

Co»p.— Essentially  NaAl(SiO,V(Fe,Mg)SiO..  If  Mg  :  Fe  =  2  :  1,  the 
formula  reqnires:  Silica  57*6,  alumina  16*3,  iron  protoxide  7*7,  magnesia  8"5, 
soda  9*9 :?:  100. 
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Obs. — Occurs  AS  the  liornblendic  constitueDt  of  certalD  crystalllDe  schists,  called  fflaueo- 
pfiane-sehists,  or  glaucopbanite;  also  more  or  less  promiDent  in  mica  schists,  amphibolites, 
gneiss,  eclogites,  etc.  It  is  often  associated  with  mica,  earnet,  diallage  and  omphncite, 
epidote  and  zoisite.  etc.  First  described  from  the  island  of  Syra,  one  of  ttie  Cyclades;  since 
shown  to  be  rather  widely  distributed,  as  on  the  southern  slope  of  the  Alps  (ffiutaldiU), 
Corsica,  Japan,  etc.    Ji/ioatmte  is  a  fibrous  Tariety  from  the  Is.  Khodus. 

Ill  the  U.  8.,  glaucophaue  schists  have  been  described  from  the  Coast  Ranges  of  Cali- 
foriiiii.  as'  at  Sulphur  Bunk,  Lake  Co. 

Glaucophaue  is  named  from  yXavKoi,  bluish  green,  and  tpattvecr^at,  1o  appear, 

RIBBEOKITB. 

Monoclinic.  Axes  hit:  6  =  0-6476  :  1  :  0-2925;  fi  =  76°  10'.  In  embed- 
ded  prismatic  crystals^  loDritudinally  striated.  Cleavage:  prismatic  (56^) 
perfect.     Luster  vitreous.    Color  black.     Pleochroism  very  strongly  marked : 

c  green,  b  (=  %)  deep  blue,  o  (nearly  ||  c)  dark  blue.     Optically  — .     Extinc- 
tion-angle small,  a  A  i  =  4°-5°  (±?).     Axial  angle  large. 

m 

Comp.— Essentially  2NaFe(SiO,),.FeSiO,  =  Silica  50-5,  iron  sesqnioxide 
26*9,  iron  protoxide  12*1,  soda  10-5  =  100.  It  corresponds  closely  to  acmite 
(segirite)  among  the  pyroxenes. 

Obs.— Originally  described  from  the  granite  and  syenite  of  the  island  of  Socotra  in  th# 
Indian  Ocean,  120  m.  N.  E.  of  Cape  Gunrdafui,  the  eastern  extremity  of  Africa;  occurs  in 
groups  of  prismatic  crystals,  oftea  radiating  and  closely  resembling  tourmaline;  also  in  ^rano- 
phyre  blocks  found  at  Ailsa  Crag  and  at  other  points  in  Scotland  and  Ireland.  A  nmilar 
amphibole  occurs  at  Mynydd  Mawr,  Carnarvonshire.  Wales.  Also  another  in  granuliie  in 
Corsica.  A  so-called  arfvedsouite  from  St.  Peter's  Dome,  Pike's  Peak  region,  £1  Paso  Co., 
Colorado,  occurring  with  astrophvllite  and  zircon,  is  shown  by  Lacroix  to  be  near  riebeck- 
ite.    Extinction-angle  on  6,  a  a  c  =  8*  to  4**. 

OROOIDOZjITE.    Blue  Asbestos. 

Fibrous,  asbestns-like;  fibers  long  bat  delicate,  and  easily  separable.  Also 
massive  or  earthv.  Cleavage:  prismatic,  56°.  H.  =  4.  G.  =  3-20-3 -30. 
Luster  silky;  dull.  Color  and  streak  lavender-blue  or  leek  green.  Opaque. 
Fibers  somewhat  elastic.  Pleochroism:  c  green,  b  violet,  a  blue.  Optically  -f. 
Extinction-angle  on  5,  inclined  18°  to  20°  with  6.  2E  =  95°  approx.  y  ^  a 
=  0-025. 

Comp.— NaFe(SiO,),.FeSiO,  (nearly)  =  Silica  49*6,  iron  sesquioxide  22-0, 
iron  protoxide  19*8,  soda  8*6  =  100. 

Magnesium  and  calcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  the 
sodium. 

Pjrr.,  etc.— In  the  closed  tube  yields  a  small  amount  of  alkaline  water.  B.B.  fuses 
easily  with  intumescence  to  a  black  magnetic  glass,  coloring  the  flame  yellow  (soda).  With 
the  fluxes  gives  reactions  for  irou.     Unacted  upon  by  acids. 

Obs.— Occurs  in  South  Africa,  in  Griqualand- West,  north  of  the  Orange  river,  in  a 
range  of  quartzose  schists  called  the  Asbestos  Mountains.  In  a  micaceous  porphyry  near 
Fnimont,  in  the  Vosges.  At  Golling  in  Salzburg.  In  the  U.  S.,  at  Beacon  Pole  Hill,  near 
Cumberland,  R.  I.  Emerald  Mine,  Buckingham,  and  Perkiu's  Mill,  Templeton,  Ottawa 
Co.,  Ontario,  Canada. 

Abriaclianite  is  an  earthy  amorphous  form  occurring  in  the  Abriachan  district,  near 
Loch  Ness,  Scothind.  Crocidolite  is  named  from  tcpoKtS,  woof,  in  allusion  to  its  fibrous 
Kt  niclure 

The  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  infiltra- 
tion  of  silica,  resulting  in  a  compact  siliceous  stone  of  delicate  fibrous  structure,  chatoyant 
luster,  and  bright  yellow  to  brown  color,  popularly  called  /i^er-^y^  (also  cnt*t.ey«  and 
Fasorquarz,  Tig^rauge,  Falkeuauge  (bluish  var.)  Oerm.).    Many  yarieties  occur  forming 
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transitions  from  the  original  blue  mineral  to  the  final  product;  also  varieties  depending 
upon  the  extent  to  which  the  original  mineral  has  penetrated  the  quartz. 

ARFVBDSONITU. 

Monodinio.     Axes  a  :  J  :  <J  =  0-5569  :  1  :  0  2978  ;  /?  =  73**  2'. 

Crystals  long  prisms,  often  tabular  ||  i,  but  seldom  distinctly  terminated; 
angles  near  those  of  amphibole;  also  in  prismatic  aggregates.  Twins:  tw.{)l.  a. 

Cleavage:  prismatic,  perfect;  b  less  perfect.  Fracture  uneven.  Brittle. 
H.  =  6.  U.  =  3 '44-3 -45.  Luster  vitreous.  Color  pure  black;  in  thin  scales 
deep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin  splinters. 
Pleochroism  strongly  marked :  c  deep  greenish  blue,  b  lavender,  a  pale  green- 
ish yellow.  Absorption  c  >  b  >  a;  sections  |  a  are  deep  greenish  blue,  y  6  olive- 
green.     /3  =  1-707;  y--  a=  0*027.     Extinction-angle  on  b,  with  iy  =  14°. 

€omp. — A  slightlv  basic  metasilicate  of  sodium,  calcium,  and  ferrous  iron 
chiefly;  an  analysis  by  Lorenzen  gives: 

G.         810,  A1,0,  Fe,0,  FeO  MnO MK)  CaO  Na,0  K,0  H,0 
Kangerdluarsuk  8*44       48*85    4*45    8*80  88*48  0-45  f  81  4-65  8*15  1  06  015  =  100*80 

The  supposed  arfvedsonite  from  Greenland  analyzed  by  von  Eobell.  Rbg.,  etc.,  has 
been  shown  to  be  sgirite;  that  from  Pike's  Peak,  Colorado,  analyzed  by  Koenig,  has  been 
referred  to  riebeckite. 

Pyr.,  etc. — B.B.  fuses  at  2  with  intumescence  to  a  black  magnetic  globule;  colors  the 
flame  yellow  (soda);  with  the  fluxes  gives  reactions  for  iron  and  manganese.  Not  acted 
upon  by  acids. 

Obs. — Arfvedsonite  and  amphiboles  of  similar  character,  containing  much  Iron  and 
soda,  are  common  constituents  of  certain  igneous  rock  which  are  rich  in  alkalies,  as  nephe- 
lite-syenite,  phonolite,  etc.  Large  and  distinct  crvstals  are  found  only  in  the  pegmatite 
veins  in  such  rocks,  as  at  Kangerdluarsuk,  Gi*eeiiiand,  where  the  associated  minerals  are 
sodalite,  eudialyte,  feldspar,  etc.  Arfvedsonite  occurs  also  in  the  nephelite- syenites  and 
related  rocks  of  the  Christiania  region  in  southern  Norway;  on  the  Kola  peninsula  in 
Russian  Lapland;  Dunnmnon  township,  Ontario;  Trans  Pecos  district,  Texas.  The  re- 
lated brownishpleochrolc  amphiboles  (cf.  barkevikite)  occur  in  similar  rocks  at  Montreal, 
Canada;  Red  Hill,  New  Hampshire ;  Salem,  Moss. ;  Magnet  Cove,  Ark. ;  Black  Hills,  So. 
Dakota;  Square  Butte,  Montana,  etc. 

Ommriu  is  a  soda-amphibole  near  arfvedsonite  (7'62NaaO)  from  a  rock  in  the  neighbor- 
hood of  San  Francisco. 

Babkbvikitb.  An  amphibole  near  arfvedsonite  but  more  basic.  In  prismatic  crys- 
tals. Cleavage:  prismatic  {^y  44)'^.  G.  =  8428.  Color  deep  velvet-black.  Pleochroism 
marked,  colors  brownish.  Extinction-angle  with  h  on  b=  12^°.  Occurs  at  the  w5hlerite 
locality  near  Barkevik,  on  the  Langesund  fiord,  and  elsewhere  in  southern  Norway. 


JBnigmatite.  Cossyrite.  Essentially  a  titano-silicate  of  ferrous  iron  and  sodium,  but 
containing  also  aluminium  and  ferric  iron.  In  prismatic  triclinic  crystals.  Cleavage: 
prismatic,  distinct  (66°).  G.  =  8*74-8  80.  Color  black.  iBnigmatite  is  from  the  sodalfte- 
syenite  of  Tunuf^dliarfik  and  Kangerdluarsuk,  Greenland.  Cossyrite  occurs  in  minute 
crystals  embedded  in  the  liparite  lavas  of  the  island  Pantellaria  (ancient  name  Cossyra). 


Hexagonal. .  Axis  d  =  0*4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  transversely; 
distinct  terminations  exceptional.  Occasionally  in  large  masses,  coarse  columnar 
or  granular  to  compact. 

Olearage:  c  imperfect  and  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  7-5-8.  G.  =  2-63-2 -80;  usually  2-69-2-70.  Luster  vitreous, 
sometime  resinous.    Colors  emerald-green,  pale  green,  passing  into  light  blue. 
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yellow  and  white;  also  pale  rose-red.  Streak  white.  Transparent  to  sabtrans- 
lucent.  Dichroism  more  or  less  distinct.  Optically  — .  Birefringence  low. 
Often  abnormally  biaxial,     co  =  1*5830,  e  =  1*5765  aquamarine. 
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Var.— 1.  Emerald.  Color  bright  emerald-greeD,  due  to  the  presence  of  a  little  chro- 
mium  ;  highly  prized  as  a  gem  wheu  clear  aud  free  from  flaws. 

2.  Ordinary;  Beryl,  Gcuerally  in  hexagonal  prisms,  often  coarse  and  lam ;  green  the 
common  color.  The  principal  kinds  are :  {a)  colorless;  (b)  bluish  green,  oiWed aquamarine; 
(c)  apple-green ;  (d)  greenish  yellow  to  iron-yellow  and  honey-yellow ;  sometimes  a  clear 
bright  yellow  as  in  the  golden  beryl;  (e)  pale  yellowish  green;  (/)  clear  sapphire-blue ; 
(g)  pale  skv  blue  ;  (A)  the  pale  violet  or  reddish  ;  (t)  the  opaque  brownish  yellow,  of  waxy 
or  greasy  luster.     The  oriental  emerald  of  jewelry  is  emerald-colored  sapphire. 

Comp.— Be,Al,(SiO,),  or  3BeO.Al,0,.6SiO,  =  Silica  67-0,  alumina   19-0, 
gluciua  14-0  =  100. 

Alkalies  (NaaO,  LiaO.  CssO)  are  sometimes  present  replacing  the  beirllium,  from  0*25 
to  5  p  c.  ;  also  chemically  combined  water,  including  which  the  formula  becomes 
HaBe.AUSiiaOsT. 

Pyr.,  etc. — B.B.  alone,  unchanged  or.  if  clear,  becomes  milky  white  and  clouded  ;  at 
a  high  temperuture  the  ed^es  are  rounded,  and  ultimately  a  vesicular  scoria  is  formed. 
Fusibility  =  5*5,  but  somewhat  lower  for  beryls  rich  in  alkalies.  Glass  with  borax,  clear 
and  colorless  for  beryl,  a  line  green  for  emerald.     Unacted  upon  by  acids. 

Diff. — Characterized  by  its  green  or  greenish-blue  color,  glassy  luster  and  hexagonal 
form  ;  rarely  massive,  then  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
hnrduess,  not  being  scratched  by  a  knife,  also  harder  than  green  tourmaline ;  from  chryso- 
beryl  by  its  form ;  from  euclase  and  topaz  by  its  imperfect  cleavage. 

Obs. — Beryl  is  a  common  accessory  mineral  in  granite  veins,  especially  In  those  of  a 

Segmatitic  chamcter.  Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  near 
[uso,  etc.,  75  ra.  N.N.E.  of  BogotA,,  Colombia.  Emeralds  of  leas  beauty,  but  larger,  occur 
in  Siberia,  on  the  river  Tokovoya,  N.  of  Ekaterinburg,  embedded  in  mica  schi^^t  jESmeralds 
of  large  size,  though  not  of  uniform  color  or  free  from  flaws,  have  been  obtained  iu  Alex- 
ander  Co..  N.  C. 

Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Sliaitanka,  near  Ekaterinburg  ;  near  Miask  with  topaz  ;  in  the  mountains  of 
Aduu-Clmlou  with  topaz,  in  E.  Siberia.  Beautiful  crystals  also  occur  at  Elba;  the  tin 
mines  of  Ehrenfriedersdorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  localities 
are  the  Mourn e  Mts.,  Ireland  ;  yellowish  green  at  Rubislaw,  near  Aberdeen,  Scotland 
(davidsonite) ;  Limoges  in  France  ;  Finbo  aud  Broddbo  in  Sweden  ;  Tamela  in  Finland ; 
Pfltscli-Joch.  Tyrol ;  Bodenniais  and  Rnbenstein  in  Bavaria ;  in  New  South  Wales. 

In  the  United  States,  l)eryls  of  gi^ntic  dimensions  have  been  found  in  N,  Hamp.,  at 
Acworth  and  Grafton,  and  in  Mas$..  at  Koyalston.  In  Maine,  at  Albany ;  Norway ;  Bethel; 
at  Hebron,  a  coesium  beryl  (CssO,  860  p  c),  associated  with  pollucite;  in  Paris,  with  black 
tourmaline ;  at  Topaham.  pale  green  or  yellowish.  In  Mass.,  at  Barre;  at  Goshen  (^otiUfiito), 
and  at  Chesterfield.  In  Conn,,  at  Haddam,  and  at  the  Middletown  and  Pbrtbmd  feldspar 
quarries ;  at  New  Milford,  of  a  clear  golden  yellow  to  dark  amber  color ;  BranchTllle.    In 
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Ptnn.,  at  Lelpenrille  and  Chester ;  at  Mineral  Hill.  In  Virginia,  at  Amelia  Court- House, 
sometimes  white.  IniV.  Carolina,  in  Alexander  Co.,  near  Stony  Point,  fine  emeralds ;  in 
Mitchell  Co.;  Morgantou,  Burke  Co.,  and  elsewhere.  In  Alabama,  Coosa  Co.,  of  a  light 
yellow  color.  lu  Colorado,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines.  Id  8. 
Dakota,  in  the  Black  Hills  in  large  crystals. 

Bndialyta.  Essentially  a  inetasilicate  of  Zr,Fe(Mn),Ca,Na,  etc.  In  red  to  browu 
tabular  or  rhombohedral  crystals  ;  also  massive.  H.  —  5-5*5.  G.  =  2*9-8*0.  Optically  -f . 
From  Eaugerdluarsuk,  West  Greenland,  etc.,  with  arfvedsonite  and  sodalite  ;  at  Lujaor  on 
the  Kola  peninsula,  Russian  Lapland,  in  elsQolite-syenite,  there  forming  a  main  constituent 
of  the  rock-mass.  Bueoliie,  from  islands  of  the  Lungesund  fiord  in  Norway,  is  similar  (but 
optically  — ).  Eudialyte  and  eucolite  also  occur  at  Magnet  Cove,  in  Arkansas,  of  a  rich 
crimson  to  peach-blossom  red  color,  in  feldspar,  with  elseolite  and  segiritc. 

XUpidite.  NaaO.ZrOt.6SiOt.8HtO.— Massive,  fibrous.  G.  =  2*54.  Southern  Green- 
laud.  

The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
sand  fiord  region  of  southern  Norway. 

-Oatapleiite.  H4(Nat,Ca)ZrSiaOii.  In  thin  tabular  hexagonal  prisms.  H.  =6.  G.  = 
2*8.  Color  light  yellow  to  yellowish  brown.  Natron-eatapleiite,  or  soda-catapleiite,  con* 
tains  only  sodium ;  color  blue  to  gray  and  white ;  on  heating  the  blue  color  disappears. 

Oappelenite.  A  boro-silicate  of  yttrium  and  barium.  In  greenish-brown  hexagonal 
crystals. 

MeUnoo«rite.  A  fiuo  silicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefly 
(also  B,  Ta,  etc.).    In  brown  to  black  tabular  rhombohedral  crystals 

Oaryoo«rite.    Near  melanoceritc,  containing  ThOs. 

Stbkbnbtrupinb  (from  Greenland)  is  allied  to  the  two  last-named  species. 

Tritomite.  A  fiuo  silicate  of  thorium,  the  cerium  and  yttrium  metals  and  calcium, 
with  boron.    In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region : 

Lenoophanlte.  Na(BeF)Cn(SiOs)s.  In  glassy  greenish  tabular  crystals  (orthorhombic- 
sphenoidal).     H.  =  4.     G.  =  2  96. 

Meliphanite.  A  fluo-silicate  of  beryllium,  calcium,  and  sodium  near  leuoophanit  In 
low  square  pyramids  (tetragonal).    Color  yellow.    H.  =  5-5*5.    G.  =  8  01. 


lOUTB.    Cordierite.    Dichroite. 

Orthorhombic.    Axes  d:l:6  =  0  5871  :  1  :  0  5585. 

Twins:  tw.  pi.  w,  also  d  (130),  both  yielding  pseudo-hexagonal  forms. 
Habit  short  prismatic  (mm'"  =  60°  50')  "(Fig.   299, 
p.  94).    As  embedded  grains;  also  massive,  compact. 

Cleavage:  h  distinct;  a  and  c  indistinct.  Crystals 
often  show  a  lamellar  structure  H  c,  especially  when 
slightly  altered.  Fracture  subconchoidal.  Brittle. 
H.  =  7-7-5.  G.  =  2-60-2-66.  Luster  vitreous.  Color 
varions  shades  of  blue,  light  or  dark,  smoky  blue. 
Transparent  to  translucent.  Pleochroism  strongly 
marked  except  in  thin  sections.  Axial  colors  variable. 
Thus: 

Bodenmait       c(=  S)  dark  Berlinhlue       I (=  &)  light  Berlin- 
blue     A  ( =  i)  yellowish  white 

Absorption  c  (X)  >  b  id)  >  a  (i).     Pleochroic  halos 
common,  often  bright  yellow ;  best  seen  in  sections  I  6, 
Exhibits  idiophanons  figures.    Optically  — .    Ax.  pi.  |  a. 
feeWs  P<9.    2V  =  70**  23'  (also  40°  to  84°).     fij  =  1549;  y  -  a  =  0008. 


796. 

a=B*w 

0 

S 

\ 

m 
t< — 

N 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

/ 

/ 

m 

/ 
/ 
t 

/ 
f 

t 
/ 
/ 

\ 

* 

\ 
\ 

Bx. 

IC 

Disp< 

^nion 

40b  DESCRIPTIVE  MINERALOGY. 

Comp.— H,(Mg,Fe),Al.Si,,0„  or  H.O.4(Mg,FeO).4Al.O,.10SiO,. 
If  Mg  ;  Fe  =  7  :  2^  the  perceritage  composition  is:  Silica  4t9%  alumina  33*6, 
iron  protoxide  5*3,  magnesia  10*2,  water  1*5  =  100.    Ferrous  iron  replaces  part 
of  the  magnesium.     Calcium  is  also  present  in  small  amount. 

Pyr.,  etc. — B.B.  loses  transpareDCv  and  fuses  at  5-5*5.  Onlj  partially  decomposed  by 
acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

DifF. — Characterized  by  its  vitreous  luster,  color  and  pleocbroism;  fusible  on  the  edges 
unlike  quartz;  less  hard  than  sapphire. 

Recognized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  interference-colors; 
it  is  very  similar  to  quartz,  but  distinguished  by  its  biuzhil  character;  in  volcanic  rocks 
commonly  shows  distinct  crystal  outlines  and  a  twinning  of  three  individuals  like  iimgon- 
ite.  In  the  gneisses,  etc.,  it  is  in  formless  grains,  but  the  common  occurrence  of  inclusions, 
especially  of  sillimanite  needles,  the  pleochroic  halos  of  a  yellow  color  around  small  inclu- 
sions, particularly  zircons,  and  liie  coubtunt  tendency  to  alteration  to  micaceous  piuite  seen 
along  cleavages,  help  to  distinguish  it. 

Obs. — Occurs  in  granite,  gneiss  (eardientegneiss),  hornblendic,  chloritic  and  taloose 
schist,  and  allied  rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  andalu- 
site,  sillimanite,  garnet,  and  sometimes  beryl.  Less  commonly  in  or  connected  with  igneous 
rocks,  thus  formed  directly  from  the  magma,  as  in  andesite,  etc.;  also  in  ejected  masses  (in 
fragments  of  older  rocks);  further  formed  as  a  con  tact- mineral  in  connection  with  eruptive 
dikes,  as  in  slates  adjoining  granite. 

Occurs  at  Bodenmais,  Bavaria,  in  granite,  with  pyrrhotite,  etc.;  Orijftrvi,  in  Finland 
{steinheiliUi);  Tunaberg,  in  Sweden  ;  in  colorless  crystals  from  Brazil ;  Ceylon  affords  a 
transparent  variety,  the  sap?iir  d*eau  of  jewelers. 

In  the  U.  S.,  at  Haddnm,  Conn.,  associated  with  tourmaline  .^n  a  granitic  vein  in  gneiss. 
At  Hrimfield,  Mass. ;  at  Richmond,  N.  H. 

Named  loliie  from  lov,  violet,  and  AzlSo?,  stone/  Dichroite  {from  dixpooi,  twhedored), 
from  its  dichroism  ;  Cordierite,  after  Cordier,  the  French  geologist  (1777-1861). 

The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral  is 
most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  This  change 
may  be  a  simple  hydration  ;  or  a  removal  of  part  of  the  protoxide  bases  hj  carbon  dioxide ; 
or  the  introduction  of  oxide  of  iron;  or  of  alkalies,  forming  pinite  and  mica.  The  first  step 
in  the  change  consists  in  a  division  of  the  prisms  of  iolite  into  plates  parallel  to  the  base, 
and  a  pearly  foliation  of  the  surfaces  of  these  plates;  with  a  change  of  color  to  grayish  green 
and  greenish  gray,  and  sometimes  brownish  gray.  As  the  alteration  process,  the  foliation 
becomes  more  complete;  afterward  it  may  be  lost.  The  mineral  in  this  altered  condition 
has  many  names:  ns  hydrous  iolite  (incl.  honsdorfflte  and  auralite)  from  Abo,  Finland; 
fahlunite  from  Falun,  Sweden,  a,ho  pyrargillite  from  Helsingfors;  esmarkite  and  praseolite 
from  near  Brevik,  Norway,  also  raumite  from  Raumo,  Finland,  and  pepiolite  from  Rams- 
berg.  Sweden;  cJUorophyllite  from  Unity,  Me.;  aspaniolite;  nud  polyehroilite  from  KragerO. 
There  are  further  alkaline  kinds,  tia  pinite,  calaspilite,  gigantolite^  iberite,  belonging  to  the 
Mica  Group. 


The  following  are  rare  lead  and  barium  silicates: 

Barysilite.    PbsSi'aOT.     In  embedded  masses  with  curved  lamellar  structure.     Cleav- 
age: basal.     H.  =3.      G.  =  611-6'55.      Color  white;  tarnishing  on  exposure.      From 

tiie  Ilarstig  mine,  Pajsberg,  Sweden. 

Oanomalite.     Pb3SiaOi.(Ca,Mu)9Si04.   In  prismatic  crvstals  (tetragonal):  also  massive, 
gnunilar.      H.  =3.      G.  =  5-74.      Colorless  to  gray.      !Prom    L&ngban,    Sweden;    also 

Jakobsberg. 

Hyalotekite.     Approximately  (Pb,Ba,Ca>,B9(Si03)i«.     Massive  ;   coarsely  crystalline. 
II.  =  .")-5*5.     G.  =  3*81.     Color  white  to  pearly  gray.    From  L&ngban,  Sweden. 

Barylite.     Ba4Al4Si:0»4.  In  groups  of  colorless  prismatic  crystals.   H.  =7.   G.  =  4*03. 
Luster  greasy.     Occurs  with  hedyphane  in  crystalline  limestone  at  L&ngban,  Sweden. 

Roeblingite.     5(H,CaSi04).2(('aPl)S04).     In  dense,  white,  compact,  crystalline 
H.  =  3.     G.  =  8-438.    From  Franklin  Furnace,  N.  J. 
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m.  Orthosilicates.    R,SiO«. 

Salts  of  Orthosilicic  Acid,  H^SiO^;  characterized  by  an  oxygen  ratio  of 
1  :  1  for  silicon  to  bases. 

The  following  list  inclades  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  number  of  basic  orthosilicates  nre  here  included,  which  yield  water  upou  ignition; 
also  others  which  nre  more  or  less  basic  than  a  normnl  orthosiliciite,  but  wh'ch  nre  of 
necessity  introduced  here  in  the  classiticution,  because  of  their  relatiousUip  to  other  norninl 
salts.  The  Mica  Group  is  so  closely  related  to  many  Hydrous  Silicates  that  (with  albo 
Talc,  Kaoliuite.  and  some  others)  it  is  desciibed  later  with  them. 

Nephelite  Group.    Hexagonal.  Scapolite  Group.    Tetragonal  -  py- 

Sodalite  Group.     Isometric.  ramidal. 

Helvite  Group.    Isometrio-tetrahe-  Zircon  Group.     Tetragonal. 

dral.  Daiiburite  Group.     Orthorhombic. 

G^ruet  Group.     Isometric.  Datolite  Group.     Monoclinic. 

Chrysolite  Group.     Orthorhombic.  £pidote  Group.     Monoclinic. 
Pheuacite  Group.    Tri-rhombohe- 

draL 


Kephelite  Group.     Hexagonal.  ^ 

Typical  formula  RAlSiO,. 

Vephelite  E,Na.Al.Si,0,,  i  =  0*8389 

Soda-nephelite  (artif.)     NaAlSiO^ 
Euoryptite  LiAISiO,  KaUophilite  EAlSiO^ 


Cancrinite  H.Na.Ca(NaCO.),Al.(SiO,),  2(5  =  0  8448 

Miorosommita  (Na,K)„Ca,Al„Si,,0„SCl,  26  =  0-8367 

The  species  of  the  Nephelite  Group  are  hexagonal  in  crystallization  and 

I 

have  in  part  the  typical  orthosilicate  formula  RAlSiO^.  From  this  formula 
nephelite  itself  aeviates  somewhat,  though  an  artificial  soda-nephelite, 
NaAlSiO^,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
related  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
following. 


Nepheline. 

Hexa^onal-hemimorphic  (p.  73).     Axis  6  =  083893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  sumniifs. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thin 
columnar. 

Cleavage:  m  distinct;  c  imperfect.  Fracture  subconchoidal.  Brittle. 
H.  =  5'5-6.  G.  =2-55-2*65.  Luster  vitreous  to  greasy;  a  little  opalescent 
in  some  varieties.  Colorless,  white,  or  yellowish;  also  when  massive,  darK 
green,  greenish  or  bluish  gray,  brownish  rod  and  brick-red.  Transparent  to 
opaque.     Optically  — .    Indices:  coy  =  1-542,  e^  =  1*538. 
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Var.— 1.  NepheliU.  Olas9y,—\5%\\fi\\y  in  small  fflassy  crystals  or  grains,  transparent 
witii  vitreous  luster,  first  found  on  Mte.  Somma.  uharacteristic  particularly  of  youuger 
eruptive  rocks  and  laviis.  2.  EUBfUite. — In  large  coarse  crystals,  or  more  couimoulv  mas- 
si  vt*,  Willi  a  greasy  luster,  aud  reddish,  greenish,  brownish  or  gray  in  color.  Usually 
clou- led  by  minute  inclusions.    Characteristic  of  granular  crystalline  rocks,  syenite,  etc. 

Comp.— R.A],Si,0„;  if  B  =  Na:K  =  3: 1,  this  is  equivalent  to  3Na  O.K.O. 

4Al,0,.9SiO,  =  Silica  44*0,  alumina  33*2,  soda  15-1,  potash  7'7  =  100.     In  most 
analyses  Na  :  K  =  4  :  1  or  5  :  1. 

Synthetic  experiments,  yielding  crystals  like  ncphelite  with  the  compoBltion  NaAlSi04, 
lead  to  the  conclusion  that  a  natural  soda-uephelite  would  be  an  orthosilicate  with  this 
formula,  while  the  higher  silica  in  the  potash  varieties  may  be  explained  by  the  presence, 
in  molecular  combination,  of  E AlSisOt  or  KsO.AIaOs.48iOs  (=  leuciie).  The  other  species 
of  the  group  are  normal  orthosilictites,  viz.,  eucryptiteLlAlSiO*.  and  kaliophilite,  KAlSiO*. 

Pyr.,  etc.— B.B.  fuses  quietly  at  3*5  to  a  colorless  glass.     Gelatinizes  with  acids. 

Di£L — Distinguished  by  its  gelatinizing  with  acids  from  scapoliteand  feldspar,  as  also 
from  apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have  a 
charuct eristic  greasy  luster. 

Recognized  in  thin  sections  by  its  low  refraction;  verv  low  interference-colors,  which 
scarcely  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  negative  uni'ixial  cross 
yielded  by  basal  sections  in  converging  light.  The  negative  character  is  best  told  by  aid  of 
the  selenite  plate  (see  p.  201).  Micro-chemical  tests  serve  to  distineuish  non-characteristic 
particles  from  similar  ones  of  alkali  feldspar;  tlie  section  is  treated  with  dilute  acid,  and 
the  resultant  gelatinous  silica,  which  coats  the  nephelite  particles,  stained  with  eosine  or 
other  dye. 

Obs. — Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  as  the  product  of  crystallization  of  a  magma  rich  in  soaa  and  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albitc).  It  is  thus  an  essential  component  of  the  nephelite-syenites  and  phonolites  where 
it  is  associated  with  alkali  feldspars  chiefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephclinite.  uephclite-basnlts,  nephclite-tephrites,  theralite.  etc.,  most  of 
which  are  volcanic  in  origin.  The  variety  elaolite  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  nephelite  was  originally  used  for  the  fresh  glassy  crystals  of  the 
modern  lavas;  the  terms  have  in  this  sense  the  same  relative  significance  as  orthoclase  and 
sanidine.     Modern  u.sage,  however,  tends  to  drop  the  name  eUpolite. 

The  original  nepJielite  occurs  in  crystals  in  the  older  lavas  of  Mte.  Somma,  with  mica, 
vesuvianite,  etc. ;  at  Capo  di  Bove,  near  Rome;  in  the  Imsalt  of  Katzenbuckel,  near  Heidel- 
l>erg;  Aussig  in  Bohemia;  L^bnu  in  Saxony.  Occurs  also  in  massive  forms  and  large 
course  crystals  (eictolite)  in  the  nephelitc-.syenites  of  Southern  Norway,  especially  along  the 
Langesund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Kola;  Miask  in  the  Ilmen 
Mts.  (in  the  rock  miaseite):  Sierra  Monchique,  Porttigul  (in  the  rock  foyaiU);  Ditr6,  Hun- 
gary (in  the  rock  ditroite);  P()u.sac,  France;  Brazil;  South  Africa. 

Elu?()lite  occurs  massive  and  crystallized  at  Litchfield.  Me.,  with  cancrinite;  Salem. 
Mass.;  Red  Hill,  N.  H.;  in  the  Ozark  Mts.,  near  Magnet  Cove,  Arkansas;  elseolitc-syenite 
Is  also  found  near  Beemersville,  northern  N.  J.;  near  Montreal,  Canada;  at  Dungannou 
township,  Ontario,  in  enormouR  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Tran.«*pe(ros  distr.,  Texas  ;  Pilot  Butte.  Texas  :  also  in  western  N.  America,  as  in  Colo- 
rado at  Cripple  Creek:  in  Montana,  in  the  Crazy  Mis.,  the  High  wood.  Bearpuw  and  Judith 
Mts  ;  Black  Hills  in  So.  Dakota:  Ice  River,  British  Columbia. 

Named  nephelite  from  vetpeAr;,  a  cloud,  in  allu'iion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elcPoUte  is  froui  eAaiov^  oil,  in  allusion  to  its  greasy  luster. 

Oieseckite  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-sided  green- 
ish-gray prisms  of  greasy  luster;  also  at  Diana  in  Lewis  Co.,  N.  Y.  Dytijfntrilnte  from 
Diana  is  similar  to  gieseckite.  as  is  fi\8o  liehenerite,  from  the  valley  of  Fleinis,  in  Tyrol. 
See  further  Pinitk  under  the  Mica  Group. 

Bncryptite.  LiAI$i04.  In  symmetrically  arranged  crystals  (hexagonal),  embedded 
in  albite  and  derived  from  the  alteration  of  spodumene  at  Branchville,  Conn,  (see  Fig.  474, 
p.  141).     G.  =  2-667.     ColorlesK  or  white. 

KaUophilite.  EAlSiO^.  Phacellite.  Phacelite.  Facellite.  In  bandies  of  slender 
acicular  crystals  (hexagonal),  also  in  fine  threads,  cobweb  like.  H.  sO.  O.  =  2  49^ 
2*603.    Colorless.    Occurs  in  ejected  nuisses  at  Mte.  Somma. 
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Hexagonal.  Axis  b  =  0*4224;  and  mp  =  64°,  pp'  =  25''  58'.  Rarely  in 
prismatic  crystals  with  a  low  terminal  pyramid.     Usually  massive. 

Cleavage:  prismatic  (m)  perfect;  a  less  so.  H.  =  5-6.  6.  =  2*42-2 -5. 
Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak  niicolored.  Luster 
subvitreous,  or  a  little  pearly  or  greasy.  Transparent  to  translucent.  Opti- 
cally uniaxial,  negative. 

Comp.— H,Na,Ca(NaCO,),Al.(SiO,),or3H,0.4Na,O.Ca0.4Al,0..9SiO,.2CO, 
=  Silica  38-7,  carbon  dioxide  6*3,  alumina  29*3,  lime  4*0,  soda  17  8,  water  3  9 
=  100, 


r.,  «tc. — In  the  closed  tube  gives  water.  B  B.  loses  color,  and  fuses  (F.  =  2)  with 
intumesceuce  to  a  white  blebby  g)as8,  the  very  easy  fusibility  distiiiguisbing  it  readily  fruni 
nepheliie.  Effervesces  with  hydrochloric  acid,  aud  forms  a  jelly  ou  heatiug,  but  not 
before. 

Difil — Recognized  in  thiu  sections  by  its  low  refraction;  quite  high  interference-colors 
aud  DCffHtive  uniaxial  character.  Its  common  association  with  nepbelite,  sodalite,  etc..  are 
valuable  chanicteristlcs.  Evolution  of  C0«  with  acid  distinguishes  it  from  all  other  min- 
erals except  the  carbonates,  which  show  much  higher  interference*colors. 

Obs.— </ancrinite  occurs  only  in  igneous  rocks  of  the  uephelite-syenitc  nnd  related  rock 

f groups.  It  is  in  part  believed  to  be  original,  i.e.,  formed  directly  from  the  molten  magma; 
D  part  held  to  be  secondary  and  formed  at  the  expense  of  nepbelite  by  infiltrating  waters 
holding  calcium  carbonate  in  solution.  Prominent  looilitiesare  Mi.tslc  in  the  Ilmen  Mts.,  in 
coarsegndned  nephelite-syenite;  similarly  at  B«irlcevik  and  other  localities  on  the  Lange- 
annd  fi<yrd  in  southern  Norway;  in  the  parish  of  Knolajflrvi  in  northern  Finland  (where,  asso- 
ciated with  orthoclase,  SBgirite  and  nepbelite,  it  composes  a  mass  of  cancrinite-syenite):  at 
DitnS.  Transvlvauia,  etc.;  in  nephelite-syenite  of  Sflrnn  and  AInO  in  Sweden,  and  in  Brazil; 
also  in  small  amount  as  an  occasional  accessory  component  of  many  phonolitic  rocks  at 
various  localities. 

In  the  United  Stites  at  Litchfield  and  West  Gardiner,  Me.,  with  elaeolite  and  blue  soda- 
Hie.     Named  after  Count  Cancrin,  Russian  Minister  of  Finance. 

BSiorosommite.  Near  cancrinite;  perhaps  (Na,E>ieCa4Ali9SiitOMSCl4).  In  minute 
colorless  prismatic  crystals  (hexagonal).  From  Vesuvius  (Morte  Somma).  H.  =  6. 
6.  =  2-4^2  58. 

Daythb  is  in  part  at  least  microsommite.    From  Mte.  Somma. 


Sodalite  Group.    Isometric. 

SodaUte  Na,(AlCl)Al.(SiO,). 

Haiiynite  (Na„Ca),(NaSO,.  Al)  Al,(SiO*), 

Voaelite  Na,(NaSO,.Al)Al,(SiOJ, 

lazurite  Na,(NaS,.Al)Al,(SiO,), 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
haps tetrahedral  like  the  following  group.  In  composition  they  are  peculiar 
(like  cancrinite  of  the  preceding  group)  in  containing  radicals  with  CI,  SO  and 
8,  which  are  elements  usually  absent  in  the  silicates.  These  are  shown  in  tlie 
formulas  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
g^oup  characterized  by  isometric  crystallization  and  a  close  resemblance  in 
composition.    See  further  under  the  Garnet  Group  proper,  p.  414. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  sili- 
cate and  chloride  (sulphate,  sulphide)— thus  for  sodalite,  3NaAlSiO^  +  NaCl, 
etc. 
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SODALrm. 

Isometric,  perhaps  tetrahedral.  Common  form  the  dodecahedron.  Twins: 
tw.  pi.  0,  forming  nexagonal  prisms  by  elongation  in  the  direction  of  an 
octahedral  axis  (Fig.  368,  p.  123).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony,  formed  from  elseolite. 

Cleavage:  dodecabedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5*5-6.  6.  =  2'14-2'30.  Luster  vitreoas,  sometimes 
inclining  to  greasy.  Color  gray,  greenish,  yellowish,  white;  sometimes  blue, 
lavender-blue,  light  red.  Transparent  to  translucent.  Streak  nucolored. 
n   =  1*4827  Na. 

""  Comp.lNa,(AlCl)Al,(SiOJ.  =  Silica  37-2,  alumina  31-6,  soda  25-6,  chlorine 
7-3  =  101-7,  deduct  (0  =  2C1)  1*7  =  100.  Potassium  renlaces  a  small  part  of 
the  sodium.     The  formula  may  also  be  written  SNaAlSiO*  +  NaCl. 

Pyr.,  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fuses 
with  intumescence,  at  3  5-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Diff.— Recognized  in  thin  sections  by  its  very  low  refraction,  isotropic  character  and 
lack  of  good  cleavage;  also,  in  most  cases,  by  its  lack  of  color.  Distinguished  from  much 
annlcite.  leucite  and  haQynitc  by  chemical  tests  alone;  dissolving  the  mineral  in  dilute  nitric 
acid  and  testing  for  chlorine  is  the  simplest  and  best. 

Obs. — SodaTite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  related  rock 
groups,  cither  directly,  as  is  commonly  the  case,  as  a  product  of  the  crystallization  of  a 
mngma  rich  in  soda;  also  as  a  product  associated  with  enclosed  masses  and  bombs  ejectea 
witli  su<  h  magmas  in  the  form  of  lava,  as  at  Vesuvius.  Often  associated  with  nephelite 
(or  elseolite).  cancrinite  and  eudialyte.  With  sanidine  it  form  a  iodaliie'traehyts  at  Scar- 
rupata  in  Iscliia,  in  crystals.  In  Sicily,  Val  di  Noto,  with  nephelite  and  analcite.  At 
Vesuvius,  in  bombs  on  Monte  Somma  in  white,  translucent,  dodecabedral  crystals:  massive 
and  of  a  gray  color  at  the  Kaiserstuhl;  also  near  Lake  Laach.  At  Ditro,  Transylvania,  in 
an  elseolite-syenite.  In  the  foyaite  of  southern  Portugal.  At  Minsk,  in  the  Ilmen  Mts.; 
in  the  augite-syenite  of  the  Langesund-fiord  region  in  Norway.  Further  in  West  Green- 
hind  in  sodalite  syenite;  the  peninsula  of  Kola. 

A  lilue  massive  variety  occurs  at  Litchfield  and  West  Gardiner,  Me.  Occurs  in  the 
theralite  of  the  Cnizy  Mis.,  Montana;  also  at  Square  Butte,  High  wood  Mts.,  and  in  the 
Bearpaw  Mis.,  in  tinguaite.  Occurs  also  in  the  elseolitesyenite  of  Brome,  Brome  Co.,  and 
of  Montreal  and  Beloeil,  province  of  Quebec;  at  Dungannon,  Ontario,  in  large  blue  masses 
and  iu  small  pale  pink  crystals. 

HAtJYNITE.     HftUync. 

Isometric.     Sometimes  in  dodecahedrons,  octahedrons,  etc. 

Twins:  tw.  ])1.  e\  contact-twins,  also  polysynthetic;  penetration-twins 
^Fig.  3G7,  p.  123).  Commonly  in  rounded  grains,  often  looking  like  crystals 
with  fused  surfaces. 

Cleavaffo:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  to 
uneven.  Brittle.  11.  =  5'5-G.  G.  =  2*4-2 '5.  Luster  vitreous,  to  somewhat 
greasy.  Color  bright  blue,  sky-blue,  greenish  blue ;  asparagus-green,  red, 
yellow.  Streak  slightly  bluish  to  colorless.  Subtransparent  to  translucent; 
often  enclosing  symmetrically  arranged  inclusions  (Fig.  T97).    Hj  =  1'4961. 

Comp.— Na,Ca(NaS04.Al)Al,(SiO«),.      This    is  analogous   to  the  garnet 


also  varies  from  3:2;  potassium  may  be  present  in  small  amount.      The 
formula  may  also  be  written  2(Na„Ca)Al,(SiO,),  +  (Na„Ca)S04. 

P3rr.,  etc.— In  the  closed  tube  retains  its  color.  B  B.  in  the  forceps  fusM  at  4*5  to  a 
white  glass.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silver. 
.Decomposed  by  hydrochloric  acid  with  separation  of  gelatinous  silica. 


OIm.— CoromoD  Id  certain  Igoeoui  rocks,  thus  in  bnDyoopliyre,  in  plioiiolite,  teplirllu; 
Tery  commouly  aaaoclated  willi  ueplielile  and  leucJte.  Occiirs  Id  llic  VesiiTiiiD  Invns,  on 
Mte.  Soiuma;  at  HelD,  on  Mt.  Vullur,  Naples;  in  tlie  tnviks  of  ibe  Campagiiu,  Itome,  also 


Section  at  crj«tala  of  liaQyuile  (after  MOLl). 


Ib  the  peperlno  near  AllMno;  at  Niedernieiidig,  iu  tlie  Eifel;  Ibe  phoDoiites  of  Holivut- 
wlel. 

Honlito  or  Koeeao.  Near  bnQyDite,  but  coniaina  liule  or  no  lime.  Color  grp^isli, 
blulsli,  browolsLi  sotnetlmei  nearly  opHqiie  from  the  presence  of  liicliiBions  {ct.  fig.  797). 
Not  UDCommou  In  pbonolite.    Al  AnueroRcb,  the  Laaclier  Bee,  and  eUewbere. 

XtAZURITB.    LAPtS'LAZULt.    Lusurite. 

Isometric.     In  cubes  and  dodecahedrons.     Commonly  massive,  compact. 

Cleavage  :  dodecahedral,  imperfect.  Fracture  uneven.  H.  =  6-5'5. 
G.  =  2'38-2-45.  Luster  vitreous.  Color  rich  Berlin-blue  or  azuro-bloe,  violet- 
blue,  greenish  blue.     Trnusluccnt. 

Comp.— Essentially  Na.(NaS..Al)AI,(SiO  ),  (BrOgger),  but  containing  also 
m  molecular  combination  bauynite  and  Bodalite.  The  percentage  composition 
of  this  ultramarine  compound  is  as  follows:  Silica  3I'7,  alumiua  2i>'9,  soda 
27-3,  sulphur  16-9  =  102  -9,  or  deduct  {0  =  S)  2'9  =  100. 

The  belerogeneoiiachnractcrof  wlialhnd  lone;  passed  as  a  simple  mineral  uniler  Ihe  name 
lApis-Iazult  was  shown  by  Fisclier  (1889),  Zirkel  (1BT8).  ami  more-  fully  by  Vogelsang  (1878). 
Tlie  ordinary  natural  lapii  tattilt  (La.snrBleiii)  U  sliown  by  BrOgger  and  HarlutrOm  to  cod- 
lain  laiuriie  or  hanynlte  (somellmes  cbangeti  lo  a  ifolite),  a  dinpside  fre«  fnim  ircin,  ampbi- 
bole  (kokaharovlte),  mica  (miiscovfle),  ciiTclle,  pyrite:  alM>  In  lumic  vnrktii-a  in  reUiively 
amall  amount  scapolfCe.  plngioclaae.  orlhoolase  (microperlliile?),  apaiile.  titiinlle,  zircon, 
and  no  undetermined  mineml  optipully  +  and  probably  imiaxlal.  Regardeil  by  BrOgger  as 
a  resnlt  of  coDtiict  melaniorpbism  in  limestone. 

PTT.,  etc.— Halted  In  llie  (■li)8ed  lube  gives  off  some  molstnrc:  the  variety  from  ClilH 
kIowh  with  a  beetle-green  light,  but  Ihe  cobir  of  ibu  mintnil  reniuina  bine  on  cooling. 
Fuses  endly  (8)  with  Inlumegc-i-Qce  ro  a  wliile  gluss.  Dicomiioseil  by  bydrocliloric  acid. 
wilh  separation  of  gelalinons  silica  nnd  evolution  of  hydrogen  sulphide. 

Ota.— Occurs  in  Badakshan  in  llic  valley  of  the  Kokcb».  a  brarich  of  Ihe  Oxus,  a  few 
miles  aliove  Firgamn.  Also  nt  the  s^nuh  end  at  L.  Baikal.  Furlher,  iu  Chill  iu  Ihe  Andes 
of  Ovalle.     In  ejecletl  masses  al  Monle  U'lmma,  rare. 

The  rlcbly  ci>]ore<I  vKrlelies  of  Inpls  laKiill  are  biglily  esteemed  for  cosily  va-sesaDcl  orna- 
mental fnrnlture;  also  einpliiyed  in  tbe  mannfacUire  of  mo'slcs:  and  when  pitwdered  con- 
•tllutes  the  rich  and  durable  paint  called  vltriimariiit.  'I'hli  bos  been  replaced,  however, 
by  anldclal  ultramarine,  now  an  Important  commercial  product. 


Helvlte  Group.    Isometric-tetrahedral. 
Helvita  {Mn.Fe),(Mn,S)Be.(SiO.), 

Lantlite  (Fe,Zn,Mn),((Zn,Fe),S)Be.(8iO.), 

ftUytito  Bi.(SiO.). 

Ziiaylte  (Al(OH,P,Cl),),Al,(SiO,). 

The  Hbltitb  Qboup  includes  several  rare  species,  isometric-tetrahedral  is 
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crystallization  and  in  composition  related  to  the  species  of  the  Sodalite 
Gkoup  and  also  to  those  of  the  Oabket  Oroup  which  follows: 


Isometric-tetrahedral.  Commonly  in  tetrahedral  crystals;  also  in  spheri- 
cal masses. 

Cleavage:  octahedral  in  traces.  Fracture  uneven  to  conchoidal.  Brittle. 
H.  =  6-6*5.  G.  =  3'16-3*36.  Luster  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish  brown,  and  siskin-green,  reddish  brown. 
Streak  uiicolored.     Subtransparent.     n  =  1'739.     Pyroelectric. 

Comp.— (Be,Mn,Fe),Si,0„S.  This  may  be  written  (Mn,Fe),(Mn,S)Be,{SiO  ), 
(Brogger),  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S-Mn 
taking  the  place  of  a  bivalent  element,  K,  and  3Be  corresponding  to  2A],  cf. 
p.  415.     Composition  also  written  3(Be,Mn,Fe),SiO^.(Mn,Fe)S. 


:.,  etc. — Fuses  at  3  in  R.F.  with  intiimesceuce  to  a  yellowisb-brown  opaque  bead, 
becomiDc;  darker  in  K.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by 
hydrochloric  acid,  with  cvohition  of  hydro^n  sulphide  and  separation  of  gehitinous  silica. 
Obs.— Occurs  at  Schwarzenberg  and  Bruitenbrunn,  in  Saxony;  at  Kapnik.  Ilungiiry; 
also  in  the  pegmatite  veins  of  the  augite-syenite  of  the  Langesund  fiord:  in  the  1 1  men  Mts. 
near  Minsk  in  pegmatite.  In  the  if.  S.,  with  spessartite  at  the  mica  mines  near  Amelia 
Court- House,  Amelia  Co.,  Ya.;  etc.  Named  by  Werner,  in  allusion  to  its  yellow  color, 
from  ?/\ioit  the  sun. 

Danalite.  (Be,Fe,Zn.Mn)7SisOitS.  In  octahedrons;  usually  massive.  H.  =  5*5-6. 
Q.  =  3*427.  Color  flesh-red  to  gray.  Occui-s  in  small  grains  m  the  Rockport  granite. 
Cape  Ann,  Mass.;  at  the  iron  mine  at  Bartlett,  N.  II.;  El  Paso  Co.,  Colorado. 

Bulytite.  Bi4SiiOi«.  Wismuthblende,  Kieselwismuth  Grm,  Usually  in  minute 
tetrahedral  crystals;  also  in  spherical  forms.  H.  =  4*5.  G.  =  6*106.  Color  dark  hair- 
brown  to  grayish,  straw-yellow,  or  colorless.  Found  with  native  bismuth  near  Bchnee- 
berg.  Saxony;  also  at  Johanngeorgenstadt  in  crystals  on  quartz. 

Zun3rite.  A  highly  basic  orthosilicate  of  aluminium,  (Al(OH.F,Cl)a)tA]tSitOis.  In 
minute  transparent  tetrahedrons.  H.=  7.  0.=  2*875.  From  the  Zufii  mine,  near  Silver- 
ton,  San  Juan  Co.,  and  on  lied  Mountain,  Ouray  Co.,  Colorado. 


4.  Garnet  Group.     Isometric. 


n  m 


'»> 


R.R,{SiO,).  or  3RO.R,0..3SiO,. 

n  n      II  ni  m  m 

R  =  Ca,Mg,Fe,Mu.  R  =  Al,Fe,Cr,Ti. 
Oarnet 

A.  Grossularite  Ca,Al,(SiO,),        D.  Spessartite    Mn,Al,(SiOJ, 

B.  Pyrope  Mg,Al,(SiOJ,       E.  Andradite     Ca,Pe,(Si04), 

C.  Almakdite       Fe,Al,(SiOJ.  Also     (Ca,Mg),Pe,{SiOJ, 

Ca.Fe.({Si,Ti)0.). 
F.  UvAROViTB      Ca,Cr,(SiOJ, 
Schorlomite  Ca,(Fe,Ti),((Si,Ti)OJ, 

The  Garnet  Group  includes  a  series  of  important  sub-species  included 
under  the  same  specific  name.  They  all  crystallize  in  the  normal  group  of 
the  isometric  system  and  are  alike  in  habit,  the  dodecahedron  and  trapeze- 
hedron  being  the  common  forms.  They  have  also  the  same  general  formula, 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
yarieties.     Some  of  the  garnets  include  titanium,  replacing  Bifioon,  and  thus 
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they  are  connected  with  the  rare  Bpeciea  achorlomite,  which  probably  also  has 
the  aame  general  formnla. 

Closelj  TClMed  lo  tbe  Gasnet  Orodp  proper  are  tbe  apeciee  of  the  Sodallle  &di1  Helvile 
Groups  (p.  411,  p.  413).  All  kre  cbftractcrJsFd  by  iBomeiiic  crjBlHlIlEBtton,  and  all  srs 
nrtboBlltcatea,  wlib  Bimilnr  chemical  structure.    I'Lui  lliu  ronnula  ol  the  Qarnet  Group  Is 

R.R.(Si0.1,;  to  this  Bodalite  conforms  if  wrillec  Nii,(AlCI)Al,(SiO,)..  wliere  Na.  aod  tbe 
bivaleut  radical  AlCI  are  equivaleot  to  Bi;  slniilarly  fur  Noaeliie  (HuDyuite)  if  the  preseoce 
of  llie  hivHieiit  group  NaSOi-AI  is  sssuiiied. 

Ill  tlie  UeWlte  Group,  wliicli  \a  cbaracterizeil  by  tbe  tetralieilnil  chamcier  of  tbe  species 
(perhaps  true  also  of  ibe  Sodiilitcs),  Ibu  cLemlcHl  lelalion  Is  leas  close  but  probably  exisls, 
u  extalbiled  by  writing  the  formula  of  Helvite  (Mii,Fe|(M[i,S)Bei[SiO,)i.  wbere  tbebiraleui 
group  -S-Ho-S-  enlera,  aod  8Be  may  be  regnrdcd  u  takiug  ibe  place  of  2A1. 


Isometric  Tbe  dodecahedroii  and  trapezohedron,  n  {^^^)i  the  comtnoD 
simple  forms;  also  these  in  combination,  or  with  the  hexoctanedron  «  (321). 
Cubic  and  octahedral  faces  rare.  Often  in  irregular  embedded  grains.  Also 
inuseive;  graonlar,  coarse  or  fine,  and  sometimes  friable;  lamellar,  lamellte 
thick  and  bent.     Sometimes  compact,  cryptocrystalline  like  nephrite. 


Parting:  d  sometimes  rather  distinct.  Fractnre  anbcoiichoidal  to  uneven. 
Brittle,  sometimes  friable  when  granular  massive;  very  tougli  wlien  compact 
cryptocrystalline.  H.  =  65-75.  G.  —  315-4;J,  varying  witli  the  composi- 
tion. Lnrter  vitreous  to  resinona.  Color  red,  brown,  yellow,  white,  apple- 
green,  black;  some  red  and  green,  colors  often  bright.  Streak  white. 
Transparent  to  siibtrauslucent.  Often  exhibits  auomaloua  double  refraction, 
eBpeciall^  grosanlarite  (also  topazolite,  etc.),  see  Art.  411.  Refractive  index 
rather  high,  thaa  n,  for: 

QTa«nlaritel-7M9,  Pyrope  17770,  Almaodite  1-7710. 
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u  ni 
Comp^  Tar. — An  orthosilicate  having  the  general  formula  R,H,(SiOJ,  or 

3RO.K,Os.3SiO,.     The  bivalent  element  may  be  calcium,  magnesium,  ferrous 

iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chromium, 

rarely  titanium;  further,  silicon  is  also  sometimes  replaced  by  titanium. 

There  are  three  prominent  groups,  and  various  subdivisions  under  each, 

many  of  these  blending  into  each  other. 

I.  Aluminium  Garnet,  including 

A.  Grossularite     Calcium-Aluminium  Garnet        Ga,Al,(SiOJ, 

B.  Pyrope  Magnesium-Aluminium  Garnet  Mg,Al,(SiOj, 

C.  Almandite  Iron-Aluminium  Garnet  Fe,Al,(SiOJ, 

D.  Spessartitb        Manganese- Aluminium  Garnet    Mn,Al,(SiOJ, 

11.  Iro?i  Garnet,  including 

E.  Andradite  Calcium-Iron  Garnet  Ca,Fe,(SiOJ, 
(1)  Ordinary.    (2)  Magnesian.   (3)  Titaniferous.   (4)  Yttriferous. 

III.  Chromium  Garnet. 

F.  Uvarovite  Calcium-Chromium  Garnet         Ca,Cr,(Si04)« 

The  imme  Qarnet  is  from  tbe  Latin  granaius,  meaning  like  a  grain,  and  directly  from 
pomegranate,  tbe  seeds  of  which  are  small,  numerous,  and  red,  in  allusion  to  tbe  aspect  of 
the  crystals. 

A.  Grossularite.  Essonite  or  Hessonite.  Cinnamon-stone.  Calcium' 
aluminium  Garnet.  Formula  3CaO.Al,0,.3SiO,  =  Silica  40  0,  alumina  22*7, 
lime  37*3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  and 
ferric  iron  replacing  aluminium,  and  hence  graduating  toward  groups  C  and 
E.  G.  =  3  55  to  3*66.  Color  (a)  colorless  to  white;  (ft)  pale  green ;  (c)  amber- 
and  honey-yellow;  {d)  wine-yellow, brownish  yellow, cinnamon-brown;  (e)  rose- 
red;  rarely  (fs  emerald -green  from  the  presence  of  chromium.  Often  shows 
optical  anomalies  (Art.  411). 

The  original  grosHularile  {loiluite  pt.)  included  the  pale  green  from  Siberia,  and  was  so 
named  from  tlie  lK)tHntcnl  name  for  ihe  gooseberry;  G.  =3'42-8-72.  Cinnamon'ttone,  or 
enonile  (more  properly  hessonite),  included  a  cinnamon-colored  variet}'  from  Ceylon,  there 
called  hyac.intk;  but  under  this  n  ime  the  yellow  and  yeilowiah-red  kinds  are  usuallv 
included;  named  from  JiacToov,  infeinor,  becuuse  of  less  linrdness  Ihan  the  true  hyaciDth 
which  ii  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  valley,  Pi^mont. 
liomaiizovit£  is  brown. 

Pule  trrceri,  yellowish,  and  yellow-brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolite,  demuntoid,  etc.)  belong  to  the  group  of  Calcium-Iron  Qarnet,  or 
Andnidlte. 

H.  Pyrope.  Precious  garnet  pt.  Magnesium-aluminium  Garnet.  For- 
nuilu  :5MgO.Al,0,.3SiO,  =  Silica  44*8,  alumina  25-4,  magnesia  29*8  =  100. 
Magnesia  predoniiiiates,  but  calcium  and  iron  are  also  present;  the  original 
pyrope  also  contained  chromium.  G.  =  3'70-3-75.  Color  deep  red  to  nearly 
black.  Often  perfectly^  transparent  and  then  prized  as  a  gem.  The  name 
pyrope  is  from  n v peon o^,  fire-like. 

Rhodolite,  of  delicate  sbndes  of  pale  rose-red  and  purple,  brilliant  by  reflected  light, 
corr('8p(mds  in  composition  to  two  parts  of  pyrope  and  one  of  almandite;  from  Macon  Co., 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  pt.  Common  garnet  pt. 
Iron-alumiyiium  Garnet.  Formula  3FeO.Al,0,.3SiO,  =  Silica  36*2,  alumina 
20'5,  iron  protoxide  43*3  =  100.  Ferric  iron  replaces  the  aluminium  to  a 
greater  or  less  extent.     Magnesium  also  replaces  the  ferrous  iron,  and  thus 
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it  graduates  toward  pyrope,  cf.  rhodolite  above.  G.  =  3'9-4*2.  Color  fine 
deep  red,  transparent^  in  precious  garnet:  brownish  red,  translucent  or  sub- 
translucent,  in  commote  garnet;  black.  Part  of  common  garnet  belongs  to 
Andradite. 

The  Alabandic  carbuncles  of  Pliny  were  so  called  because  cut  and  polished  at  Alabanda. 
Hence  the  name  almandine  or  almandite,  now  in  use. 

D.  Spessartite.  Spessartine.  Manganese-aluminium  Garnet.  Formula 
3MnO.Al,0,.3SiO,  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43  0  = 
100.  Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.  G.  =  4'0-4*3.  Color  dark  hyacinth-red, 
sometimes  with  a  tinge  of  violet,  to  brownish  red. 

E.  Akdbadite.  Common  Garnet,  Black  Garnet,  etc.  Calcivm-iron 
Oamet.  Formula  3CaO.Fe,0,.3SiO,  =  Silica  35*5,  iron  sesquioxide  31*5, 
lime  33*0  =  100.  Aluminium  replaces  the  ferric  iron;  ferrous  iron,  manga- 
nese and  sometimes  magnesium  replace  the  calcium.  G.  =  3*8-3*9.  Colors 
various:  wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald-green; 
brownish  red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish 
black,  black. 

Named  Andradite  after  the  Portuguese  mineralogisr,  d'Audrada,  wbo  in  1800  described 
and  named  one  of  the  included  subvarieties,  Allochroite.  Cbemically  tbere  are  the  follow- 
ing varieties: 

1.  Simple  Calcium-iron  Garnet,  in  wbich  the  protoxides  are  wholly  or  almost  wholly 
lime.  Includes:  (a)  Tapazolite,  having  the  color  and  transpurcucy  of  topaz,  and  also 
sometimes  green;  crystals  of  ten  showing  a  vicinal  hexoctahedron.  Ltmantoid,  a  grass-green 
to  emerald-green  variety  with  brilliant  diamond-like  luster,  used  as  a  gem.  {b)  Volophonite, 
a  coarse  granular  kind,  brownish  yellow  to  dark  reddish  brown  in  color,  resinous  in  luster, 
and  usually  with  iridescent  hues;  named  after  the  resin  colophony,  (e)  Jfeloniie  (from 
M4Xa^^  black),  black,  either  dull  or  lustrous;  but  all  bhick  garnet  is  rot  here  included. 
PvreneOe  is  grayish  black  melanite.  (d)  Dark  green  garnet,  not  distinguishable  from  some 
allochroite,  except  by  chemical  trials. 

2.  Manganeiian  Calcium-iron  Garnet,  (a)  BoVioffite.  The  oHginal  allochroite  was  a 
manganesian  iron-garnet  of  brown  or  reddish-brown  color,  and  of  fine-grained  massive 
structure.  BothoMte,  from  L&ngban,  is  similar,  yellowish  brown  to  liver-brown.  Other 
common  kinds  of  manganesian  iron-garnet  are  light  and  dark,  dusky  green  and  black,  and 
often  in  crystals.  Polyadelphite  is  a  massive  brownish-yellow  kind,  from  Franklin  Furnace, 
K.  J.  Bredbergite,  from  Sala,  contains  a  large  amount  of  magnesia,  {b)  Aplome  (properly 
haplome)  has  its  dodecahedral  faces  striated  parallel  to  the  shorter  dingoual.  whence  HaUy 
inferred  that  the  fundamental  form  was  the  cube;^  and  as  this  fonn  is  simpler  than  the 
dodecahedron,  be  gave  it  a  name  derived  from  aVAoo?,  simple.  Color  of  the  original 
aplome  (of  unknown  locality)  dark  brown;  also  found  yellowish  green  and  brownish  green 
at  Schwarzenberg  in  Saxony,  and  on  the  Lena  in  Siberia. 

8.  TUaniferoun,  Contains  titanium  and  probably  both  TiO«  and  TiaO*;  formula  hence 
8CaO.(Fe,Ti,A1)sOt.3(Si,Ti)0,.    It  thus  graduates  toward  schorlomite.     Color  black. 

4.  FUrtferouM  (kiUium-iron  Garnet;  ittergranat.  Contains  yttila  in  small  amount; 
rare. 

F.  UvABOViTB.      Ouvarovite.      Uwarowit.      Calcium-chromium    Garnet. 

Formnla  3CaO.Cr,0,.3SiO,  =  Silica  35-9,  chromium  sesquioxide  306,  lime 

33*5  =  100.    Aluminium  takes  the  place  of  the  chromium  iu  part.     H.  =  7*5. 

G.  =  3-41-3*52.     Color  emerald-green. 

Pyr.,  etc. — Most  varieties  of  garnet  fuse  easily  to  a  light  brown  or  black  glass;  F.  =  8 
in  alninndite,  spessartite,  grossularite,  and  allochroite;  8'5  in  pyrope;  but  uvarovite,  the 
clin)me-garnet.  is  almost  infusible,  F.  =  6.  Allochroite  and  almandite  fuse  to  a  magnetic 
globule.  Renctions  with  the  fluxes  vary  with  the  bases.  Almost  all  kinds  react  for  iron; 
stronff  maoganese  reaction  in  spessartite,  and  less  marked  in  other  varieties;  a  chromium 
react  ton  in  UvaroTite.  and  in  most  pyrope.  Some  varieties  are  partially  decomposed  by 
acifls;  all  except  avarovite  are  after  ignition  decomposed  by  hydrochloric  acid,  and  gen- 
erally with  teparatk)!!  of  gelatinous  silica  on  evaporation.  Decomposed  on  fusion  with 
alkflJioe  carbonates. 
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The  density  of  garnets  is  largely  diminished  by  fusion.  Thus  a  Greenland  garnet  fell 
from  3*90  to  3*05  on  fusion,  and  a  Vilui  grossularite  from  8*63  to  8'INS. 

Diff.— Characterized  by  isometric  crystallization,  usually  in  isolated  crystals,  dodecahe- 
drons or  tra|)ezohedrons:  massive  forms  rare,  then  usually  granular.  Also  distinguished  by 
hardness,  vitreous  luster,  and  in  the  common  kinds  the  fusibility.  Vesuvianite  fuses  more 
easily,  zircon  and  quartz  are  infusible;  the  specific  gnivitv  is  higher  than  for  tourmaline, 
from  which  it  differs  in  form;  it  is  much  harder  than  sphalerite. 

Distinguished  in  thin  secti<ms  by  its  very  high  relief;  lack  of  cleavage;  isotropic 
character;  usually  shows  a  pale  pink  color;  sometimes  not  readily  told  from'  some  of  the 
spinels. 

Obs. — GrouulariU  is  especially  characteristic  of  metamorphosed  impure  calcareous 
rocks,  whether  altered  by  local  igneous  or  ceneral  metamnrphic  processes;  it  is  thus 
commonly  found  in  the  contact  zone  of  intruded  igneous  n>cks  and  in  the  crystalline  schists. 
AlmandiU  is  characteristic  of  the  mica  schists  and  metamnrphic  rocks  containing  alumina 
and  iron;  it  occui-s  alsti  in  some  igneous  rocks  as  the  result  of  later  dynamic  and  metamur- 
pliic  processes;  it  forms  with  smanigdite  the  rock  eclogite.  Pyrope  is  especially  character- 
istic of  such  basic  igneous  rocks  as  are  formed  from  magmas  containing  much  niagnesta 
and  iron  with  little  or  no  alkalies,  as  the  peridotites.  dunites,  etc.;  also  found  in  the 
serpcutinos  formed  from  these  rocks;  then  often  associaied  with  spinel.  chn>UTite.  etc. 
Speuariite  occurs  in  gmnitic  rocks,  in  quartzite,  in  whetstone  schists  (Belgium);  it  has 
been  noted  with  topaz  in  lithophyses  in  rhyolite  (Colonido).  Tlie  black  yariety  of  andrndite, 
melaniU,  is  common  in  eruptive  rocks,  especially  with  nephelite,  leucite,  thus  in  phonoliti'S, 
OQ^  leucitophyres,  nephelinites:  in  such  cases  ofteu  titanifer- 

ous  or  associated  with  a  titaniferous  garnet,  sometimes  in 
zonal  intergrowth;  it  also  occurs  as  a  pnMluct  of  contact 
metamorphism.  DemanUnd  occurs  in  8er|)entine.  Uvaro- 
Tite  belongs  particularly  with  chromite  in  serpentine;  it 
occurs  also  in  granular  limestone. 

Garnet  crystals  often  contain  inclusions  of  foreign 
matter,  but  only  in  part  due  to  alteration;  a'i.  vesuvianite. 
calcite.  epidote,  quartz  (Fig.  472,  p.  141);  at  times  the 
garnet  is  a  mere  shell,  or  perimorph,  surrounding  a  nucleus 
of  another  species.  A  black  garnet  from  Areudal.  Nor- 
way, contains  both  calcite  and  epidote:  crystals  from 
Tvedestrand  are  wholly  calcite  within,  there  lieing  but  a 
thin  crust  of  garnet.  Crystals  from  £aat  Woodstock, 
Maine,  are  dodecahedrons  with  a  thin  shell  of  cinna- 
mon-stone enclosing  calcite;  others  from  Raymond,  Me., 
show  successive  Tayers  of  garnet  and  calcite.     Many  such  cases  have  been  noted. 

Garnets  are  often  altered,  thus  to  chlorite,  serpentine*;  even  to  Hmoniie.  Crystals  of 
pyrope  arc  sometimes  surrounded  by  a  chloritic  zone  (kelyphite  of  Schrauf)  not  homoge- 
neous, as  shown  in  Fig.  804. 

Among  prominent  foreign  l(>calities  of  garnets,  besides  those  already  mentioned,  are  the 
following— Gkossi'lakitk:  Fine  cinnamon-itoiu  comes  from  Ceylon;  on  the  Mussn-Alp  in 
the  Ala  valley  in  Piedmont,  with  clinochlon;  and  diopside;  atZermatt;  pale  yellow  at  Auer- 
bach;  brownish  (romamotUe)  at  Kirnito  in  Finland;  honey-yellow  octahedron*  in  Ellia;  i»ale 
greenish  from  tlie  banks  of  the  Vilui  in  Siberia,  in  serpentine  with  vesuvianite:  also  frcmi 
OJklowa  and  Orawiiza  in  the  Banat;  with  vesuvianite  and  wollastonite  in  ejected  masses  at 
Vesuvius:  in  while  or  colorless  rrysinls  in  Tellemark,  in  Norway;  also  dark  brown  at  Mudgee. 
New  Snuili  Wales;  dark  honey-yellow  at  Guadalcazar.  and  clear  pink  or  rose -red  dodec:i- 
hednms  ut  Morelos,  Mexico. 

I'yimi'K:   In  serpentine  (from  peri<l()tite)  near  Meronitz  and  the  valley  of  Krems.  in 


Precious  L'nrnet  comes  in  tine  crysfjils  from  Ceylon.  Pegu.  Hritisli  India,  Brazil,  and  Green- 
land. SrKHHAKTiTK:  From  Asehaffenburir  in*  the  Spessart,  Bavaria;  at  St.  Marcel,  Pied- 
mont; nejir  Chnntelouhe.  Haute-Vienne.  etc. 

Andhaiiitk:  The  beautiful  green  demmttoid  or  "'Uralian  emernld  "  occurs  in  transi^nreDf 
greenish  rolled  pebbles,  also  in  crystals,  in  the  gold  washings  of  Niz'  ni-Tagilsk  in  the  Ural; 
green  crystals  occur  at  Schwarzenlwrg.  Saxony;  brown  to  green  at  Morawitzaand  I>oguaciika; 
enierald-irrei>n  at  Dobsihau;  in  the  Ala  valley.  Piedmont,  the  yellow  to  greenish  tapaMuiiU. 
AUochroiu,  apple-green  and  yellowish,  occurs  at  Zermatt;   black  crystaU  (melaniU\  also 
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brown,  atVeBUTiuB  on  Mte.  Somma;  near  Bareges  in  tbe  Hautes-Pyren^es  (pyreneite). 
Aplams  occurs  at  Scbwarzenberg  in  Saxony,  in  brown  to  black  crystals.  Otber  localities  are 
Ptitscbthal.  Tyrol;  L&ogbau,  Sweden;  Pitkftruuta,  Finland;  Areudul,  Norway.  Uyaroyitb: 
Found  at  SarauoTskaya  near  Bisersk,  also  iu  tbe  vicinity  of  Kyshtymsk,  Ural,  in  chromic 
iron;  at  JordansmQhl,  Silesia;  Pic  Posets  near  y6uasque  in  tbe  Pyrenees  ou  cliromite. 

In  N.  America,  in  Maine,  beautiful  crystals  of  cinnamon-stone  (wiih  vesuviaiiite)  occur 
at  Parsonsfleld,  Pbippsburg,  and  Rumford.  In  N,  Hamp.,  at  Hanover,  small  clear  crystals 
in  gneiss;  at  Warren,  cinnamon  garuets:  at  Grafton.  In  Vetmoni,  at  New  Fane,  in  cblorite 
slate.  In  Mau ,  in  gueiss  at  Brookfield;  iu  fine  dark  red  or  nearly  black  trapczoliedral 
crystals  at  Russell,  sometimes  very  large.  In  Conn  ,  trapezobedrons,  in  mica  slate,  at  Reading 
and  Monroe;  dodecahedrons  at  Soutbbury;  at  Haddam,  crystals  of  spessartite.  In  N.  York, 
brown  crystals  at  Crown  Point,  Essex  Co.;  colopbonite  as  a  large  vein  at  Willsboro,  Essex 
Co.;  in  Middletown,  Delaware  Co..  large  brown  cryst.;  a  cinnamon  variety  at  Amity.  In 
N.  Jersey,  at  Franklin,  black,  brown,  yellow,  red,  ami  green  dodecabedral  garuets;  also 
near  tbe  Franklin  YMvu^ce  {polyctdelphite).  In  Penn.,  iu  Chester  Co.,  at  Pennsbury,  fine 
dark  brown  crystals;  near  Euauertown;  at  Chester,  brown;  in  Concord,  on  Green's  Creek, 
reaembling  pyrope;  In  Leiperville,  red;  at  Mineral  Hill,  fine  brown:  at  Avondale  quiirry. 
fine  betfsonite;  uvarovite  at  Woods'  chrome  mine,  Lancaster  Co.  In  Virginia^  beautiful 
transparent  spessartite,  used  as  a  gem,  at  tbe  mica  mines  at  Amelia  Court-Housc.  In  N. 
Carolina,  fine  cinnamon -stone  at  Bakersville;  red  ccftruets  in  the  gold  washings  of  Burke, 
McDowell,  and  Alexander  counties;  rhodolite  in  Macon  Co.;  also  mined  near  Morgan  town 
and  Warlicb,  Burke  Co.,  to  be  used  as  '* emery,"  and  as  "garnet- paper."  In  Kentucky, 
fine  pyrope  in  tbe  peridotite  of  Ellis  Co.  In  Arkantae,  at  Magnet  Cove,  a  titaniferous 
melanite  with  scborlomite.  Large  dodecabedral  crystals  altered  to  cblorite  occur  at  tbe 
Spurr  Mt.  iron  mine,  Lake  Superior.  In  Colorado,  at  Nathrop,  fine  spessartite  crystals  in 
lilhophyses  in  rhyolite;  in  large  dodecabedral  crystals  at  Ruby  Mt.,  Salida,  Chanee  Co., 
tbe  exterior  altered  to  cblorite.  In  ilrtny/ia,  yellow-green  crystals  in  tbe  Gila  caRon;  pyrope 
on  the  Colorado  river  in  the  western  part  of  the  territory.  New  Mexico,  fine  pyrope  on  the 
Navajo  reservation  with  chrysolite  and  a  chrome-pyroxene.  In  California,  green  with  copper 
ore.  Hope  Valley,  El  Dorado  Co  ;  uvarovite,  iu  crystals  on  chromite,  at  New  Idria.  Fine 
crystals  of  a  rich  red  color  and  an  inch  or  more  in  diameter  occur  in  the  mica  schists  at 
Fort  Wrangell,  mouth  of  the  Sti<  keen  R.,  in  Alaska, 

.  In  Canada,  at  Marmora,  dark  red:  at  Grenville,  a  cinnamon-stone;  an  emerald-green 
cbrome-gamet,  at  Orford,  Quebec,  with  millerite  and  calcite;  fine  colorless  to  pale  olive- 
ereeu,  or  brownish  crystals,  at  Wakefield,  Ottawa  Co.,  Quebec,  with  white  pyroxene, 
honey-yellow  vesuvianite,  etc.,  also  others  bright  green  carrying  chromium;  dark  red  garnet 
in  the  townships  of  Villeneuve  (spessartite)  and  Templeton. 

Sohorlomita.  Probablv  analogous  to  garnet.  8CaO.(Fe.Ti),Os.3(Si,Ti)0,.  Scborlamit. 
Usually  massive,  black,  with  conchoidal  fracture  and  vitreous  luster.  H.  =  7-7  5.  G.  = 
8  81-8*88.    From  Magnet  Cove,  Arkansas. 


Partflohlnite.  (Mn,Fe)iAltSisOis  like  spessartite.  In  small  dull  crystals  (monoclinic). 
H.=  6'5-7.  Q.=  4*006.  Color  yellowish,  reddish.  From  tbe  auriferous  sands  of  Ol&hpian, 
Transylvania. 

Agrioolite.  Same  as  for  eulytitc,  Bi4SisOis.  but  monoclinic.  In  globular  or  semi- 
globular  forms.    From  Jobanngeorgenstadt. 
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i'iO  DESCBIPTIVE   MINKKALOOT. 

The  Chrysolite  Group  includes  a  series  of  orthoailioates  of  mftgnesinm, 
calcium,  irou  uuil  luanguiiese.  Tliey  all  crvBtuUiie  in  the  ortborhombic  sjstem 
with  but  little  variation  iu  axial  ratio.  The  prisuiatic  angle  is  about  50  ,  and 
that  uf  the  unit  brachvdome  about  UO";  corresponding  to  the  latter  threefold 
luiiif  are  observed.  The  type  species  ia  chrvsolite  (or  olivine),  which  containE 
both  lutignesiuHi  and  iron  in  varying  proportions  and  is  hence  intermediate 
between  the  comparatively  rare  niugnesiuni  and  iron  silicates. 

Ill  fiinii  Ihe  »pecies  iif  ilie  Cliiy«uliie  Uniup,  RiSiOt,  are  closely  relnred  iu  nDele  to 
I'lirvmibert-I.  BeA.;Ui;  iilso  »>niewlmt  Ivw  closely  lo  Ibe  species  of  ihc  DLiepnre  Group. 
II,AI,U,.  ric.  cr.  BrOfTger.  Zs.  Kryst.,  18.  Ml.  1)<M.  Tbere  Is  kbo  an  iuterestiug  nUlioo 
beiwcc'u  tlie  chrysttliies  mill  the  liumitea  ^«t«  p.   MS) 
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iti'  i:!<'  p.  c.  FeOl.  Luster  vitreous.  Colorgreeu— commonly  olive-green, some- 
times i'rownis-h.  grayish  red,  grayish  green,  becoming  yellowish  brown  or  red 
by  nxi.iati.m  of  the  iron.  Streaii  usually  uncolored.  rarely  yellowish.  Trans- 
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SILICATES. 


I   iiifuslbilEty,  Ibe  jdlow-greeu   color,  grnuutar  foi-m   aad 


for  litutiium   Bud  maiigauese.      Decumposvil  hy  LytlrocLlortc  and   snlpburic   acids   i 
sepumlluD  rjf  gelnlinoiis  si  lieu. 

Diff  — Cliurarterivieil   by  i' 
cleavnfco  iqimrlE  bns  iioiiei. 

RvcogDlEOit  Id  lliin  teeiionB  by  its  high  relief;  Inck  of  color;  tU  few  but  iiiiirkud  rough 
clMvagQ-crackB;  blub  iiitirrference-coluni,  wbicli  nre  ubiiaII;  ILe  briUmot  and  prQiiaiiiiced 
tuuei  uf  Ihe  wcoqu  order;   pKiallel  exUuctlou:   bkxlal  chiincier;   charactemiic  uutliue» 


(usually  with  scale  termtniitioiii)  wbeo  in  dtati  .  ,    „ 

u«>viAlioD  wiib  iron  ori;  uiiil  nubile,  and  ils  very  coiiiinoii  iitleraLion,  in  a  greaii 

degTM,  ID  serpemiiie.  ihe  OiM  suves  beiug  uinibud  by  the  scpavalion  of  iron-ore  gra[aa 

aluii>-  tbc  liuea  of  frai^tiire  {Fig.  610), 

OtM.—CliryBOlilG  (oliviae)  lins  lw<i  iliilitict  melliods  of  oraurrGDce:  (n)  In  igiivous  rocks, 
ta  iNuall.  forineil  by  iht  ciysMlifEniinii  i>f  mnKinna  low  fu  silica  and  rich  in  magnfgtti;  from 
na  accest'iry  couponeQl  in  sucli  rocks  the  oliviue  oi ay  increase  lu  aniouiil  uiilil  it  is  tLu 
niiiin  rock  couslilueut  an  iu  llie  datiiips;  also  |fr)  as  Ibe  product  of  inelBiuot[ibism  of  certain 
■edlinetiturv'  rocka  coutnlniog  iiingncsia  anil  slllcu,  u«  in  Impure  dolomites.  In  tbe  duuito 
and  pGridotlLesof  igneous  origin  tbccliryaiillte  is  commonly  tiMoclated  willi  chmmiti.'.  spinel, 
pyriir>«,  etc.,  wblcb  nre  vulnuble  indiciiliuDS  nlsu  of  Ibe  origin  nf  scrpcuiines  derivid  from 
ollviae.  In  ibe  melamorpblc  rocks  the  aliuve  are  wunling.  and  cariiomiles,  as  dolomile, 
brcuiiaerilo,  mngueiite,  etc  .  are  the  commuu  ussociatious;  chrysolitfc  rocks  of  ibis  latter 
kind  iiiay  nlno  occnr  iiltered  to  serpentine. 

Clirysoliie  alao  occurs  iu  (rr-dus.  mrely  crysiHls.  eml>eild«d  in  some  melenric  irons.    Also 
present  lu  ineleortc  slonus.  frequently  In  spherical  fiirins.  or  choiidrules,  sometimea  made 
up  of  a  iDultltudeof  grains  with  like  (or  unlike)  opticul  orientatioD 
eiiclosiui;  glass  lietweeu  (Fig.  Nil).  ^^^' 

Amoni;  the  more  pvomlneiit  lornliiies  are:  VesiiTiu"  in  Inva 
and  on  Moule  Sommii  iu  cjecled  innssis.  wiiii  niK-itt  niici  etc 
Observed  iu  lbs  *>  (»lled  I'lnriliix'  Ijnmlis  at  llic  Liincbrr  See;  at 
PurMUrgnear  Mayen  111  tliPBifel  Bill  fomilnglhemns- of  ■■olivine 
iHMDbs  '  (u  the  Dreiser  Wcilier  nenr  Dauii  In  ilie  snmf  wclon  at 
tjosbucU  in  the  KaU-rsPuli).  Baden  (hfmUtHdsHM,  ]„  Swedeu, 
witli  ure-deposiu.  tia  bi  Lianlniii.  Pajsiierg.  Perstier?.  etc.  In 
eerpenliu*  nt  Sniiriim,  Nnrwav.  in  inrge  crystido.  themse1re» 
.ilti-T'-d  111  tbc  Biime  niinarid.  Common  in  the  volcanic  r^cks  of 
Sicily,  llie  S^mlwtch  Wnn'ia.  the  Azores,  etc. 

In  the  U  S..  in  TUelfoni  amt  Norwlcii,  Vermont,  in  boulders 
uf  ooamely  crysl.  Iiaaall.  the  crv'nls  or  maMct  srvciiil  InHie 
Ihroogh.  In  olivliu-  unhbro  of  Wnli-rrill...  In  |he  Wbite  Mts 
H.  H  ;  at  ^.-hsier.  in  Jnck°on  Ho.,  K.  C  .  with  wrpeoline  am 
nbniniJte;  with  nbr.>mttp  in  London  Co.,  Vn.;  In  Lancasier  Co. 
Pa.  Iu  smnll  cipnr  ulivegrecn  grains  with  garni'i  at  some  pi 
MpxI''".  In  lisfiili  I"  Caniiilii.  nciir  Mimlreal,  nt  Rougemonl  an 
Urville,  anii  In  eruptive  rock*  nl  otliei  pidnt*. 


riiry»o!iii-  -hon'Inile 
from  the  Knvsiiinya 
meteorite  ( X 10  diam- 1. 
Ills  in  Arizonn  and  New 
HouDis  Itoysl  nnd  Mod- 
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Alterntioii  of  chrysolite  often  takes  place  through  the  oxidation  of  the  iron;  the  minenl 
becomes  brownish  or  reddish  brown  and  iridescent.  The  process  may  end  in  leaving  the 
cavity  of  the  crystal  filled  with  liuiotiite  or  red  oxide  of  iron.  A  very  oommon  kind  of 
alteration  is  to  the  hydrous  magnesium  silicate,  serpentine,  with  Uie  partial  removal  of  the 
iron  or  its  separation  in  the  form  of  gnuns  of  magnetite,  also  as  iron  sesquiuxide;  this 
change  has  often  taken  place  on  a  large  ^cale.     See  further  under  serpentine,  p.  477. 

Chrysolite  is  named  from  ;t/^i;o*J>.  gold,  and  ArOoc.  The  hyalosiderite.  from  CaXoi, 
glass,  and  ai6r/poi,  iron.  The  ehrysolWius  of  Pliny  was  probably  our  topaz;  and  hU  topai 
our  ehrysoliU. 

Idding»ite.  From  the  rock  carmeloite  of  Carmelo  Buy,  California;  a  silicate  resembling 
an  aliere<l  chrysolite,  exact  composition  undetermined.  Orthorhombic,  foliated  and  cleavable. 
G.  =  2-839.     Color  brown. 

The  axial  ratios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  419.     The  species  are  brietly  characterized  ari  follows: 

Monticellite.  CaMgSi04.  Occurs  in  colorless  to  gray  crystals  on  Mte.  Somma ;  in 
masses  (hatracUite)  on  Mt.  Monzoni,  Tyrol;  in  crystals  or  grains  in  limestone  at  Magnet 
Cove.  Arkansas.     G.  =  3  03-3-25. 

Fonterite.  Mg«Si04.  Occurs  in  white  cn'stals  at  Vesuvius;  in  greenish  or  yellowish 
embedded  grains  at  Bolton,  >Iass.  ipoltoniU).    G.  =  3*21-3  33. 

Hortonolite.  (Fe,Mg,Mn)3Si04.  In  rough  dark-colored  crystals  or  masses.  Occurs  at 
the  iron  mine  of  Monroe,  Onmge  Co.,  N.  Y.     G.  =  3  91. 

Fayalite.  Fe«Si04.  From  the  Mourne  Mts.,  Ireland;  the  Azores;  the  Yellowstone  Park; 
Rockport,  Mass.,  etc.     Crystals  and  m^issive,  brown  to  black  on  exposure.     G.  ^  4*1. 

Enebelite.     (Fe,Mn)9Si04.     From  Dannemora,  and  elsewhere  in  Sweden.     G.  =  41.' 

Tephroite.  Mn«Si04;  also  with  zinc,  in  the  \2Lf\G\y  roepperite.  From  Sterling  Hill  and 
Franklin  Furnace,  N.  J.;  also  from  Sweden.     Color  flesh-red  to  ash-gray.     G.  =  4*1. 


! 


Pheuacite  Group.     R,SiO^.     Tri-rhombohedral. 

rr'  i 

WiUemite  Zn,SiO,  64^  30'        06775 

Troostite  (Zn,Mn),SiO, 

Phenacite  Be,SiO,  63°  24'       0-6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man- 
ganese) and  berylHum.  Both  belong  to  the  tri-rbombohedral  group  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSiO^.BeSiO^,  which  is  pseudo- 
hexagonal  (triclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  Chrysolite  Group. 

The  following  rare  species  are  related : 

Dioptase  H,CuSiO,  Tri-rhombohedral 

FriedeUte  H,(MnCl)Mn/SiO,), 

Pyrosmalite        n,((Fe,Mn)Cl)(Fe,Mn),(SiO,), 

Tlipse  species  fire  very  near  to  each  otlicr  in  form,  as  shown  in  the  ahove  axial  ratios; 
tliey  flirt  tier  approximate  to  the  species  of  the  Phenacite  Group  proper.  They  are  also 
rioacly  related  amon^  themselves  in  composition,  pinre  thev  are  all  acid  orthosilicates.  and 
Imve  the  pcneral  formula  HjRSiO*  =  Hi,R4(SiO«)4.  wliere  {e.g.  for  Friedelite)  in  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  hy  the  univalent  radical  (MdCI). 

WILIiEBffmi. 

Tri-rhombohedral.     Axis  i  =  0-6775 ;  rr'  =  64"*  30';  ee'  =  36*"  47'. 

In  hexasronal  prisms,  sometimes  long  and  slender,  again  short  and  stout; 
rarely  showing  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grains;  fibrous. 

Cleavage:  r  easy,  Moresnet;  difficult,  N.  J.;  a  easy,  N.  J.  Fracture  con- 
choidal  to  uneven.     Brittle.     H.  =  5-5,     G.  =  3-89-4*18.     Luter  Titreo- 


rr' 
W    5' 

i 
0-5342 

56^  17' 

0-5624 

53°  49' 

0-5308 

resinoDs,  rather  weak.     Color  white  or  greeDish  yellow,  wheo  purest;  apple- 
green,  flesh-red,  grayish  white,  yellowish  browo;   often  dark   brown   when 


Fig*.  812-814,  New  Jersey.    «  (OllS),  »  (ll58).  «  (a!l8),  t  (SlSl). 

impure.  Streak  uncolored.  Transparent  to  opaque.  Optically  +,  Bire- 
fringence high. 

CoBip.— Zinc  ortboBilicate,  Zn,SiO,  or  2ZuO.SiO,  =  Silica  2T'0,  zinc  oxide 
73'0  =  100.  Manganese  often  replaces  a  considerable  part  of  the  zinc  (in 
trooBtite),  and  iron  is  also  present  in  small  amount. 

Pyr.,  etc.— B.B.  Iti  the  foiceps  gluwg  BQd  fuses  uilb  difficulty  lo  a  white  ecamel;  tbe 
varietiea  fri.m  New  Jersey  fuie  from  85  to  4.  TLe  pondered  mioeml  on  cliarcual  in  R.F. 
gtres  n  coiillog,  yellow  wlille  Lot  and  wbitG  ou  cuoliDir,  wlii(?lj,  molglened  wiih  «o1iiI1od  of 
coball.  and  tieaieil  lu  OF.,  is  lolured  briglit  green.  Willi  sodn  llie  r<mt[t>g  U  more  rradlly 
obuined.     Decompoacd  by  iiydrocliloric  acid  mIMi  srpBriitloii  of  gelatJtioiiB  silica. 

Oba— From  Alteiibeig  iieur  MoresDel;  at  Siolbeig.  Denr  Aii-la-Chapelle.  In  New 
Jersey  al  Mine  Hill,  FmnkliD  Furnace,  nud  at  Blerling  Hii),  Iwo  miles  (lisinnt.  Occura 
wlU)  ElDcile  and  franklintte,  Tarylog  in  cotnr  from  while  lo  pnle  honey-yellow  and  light 
grren  to  dark  aah-gray  and  flesL-recl;  aomeiimeB  fn  large  reddlsli  crvBialK  {troottiU).  Rare 
■t  tbe  Herrill  mtn«,  Socorro  Co..  New  Mexico:  hIbo  at  Ibe  Stdalia  mine,  Salida.  Colo. 
Named  by  L^Ty  after  William  I.,  King  of  the  NelberlaDdl. 

PHBNAOITB. 

Tri-rhombohedral.    Axis  i  =  0'661l ;  rr'  =  63°  24'. 

Crystals  commonly  rhombohedral  in  habit,  often  lenticular  in  form,  tbe 
prisms  wanting;    also  prismatic,  g^g  g^^ 

sometimes    terminated     by    thr 
rhombohedron  of  the  third 
X  (see  further,  pp. 

Cleavage:    a   distinct;    r   im- 

eirfect.  Fracture  conchoidal. 
rittle.  H.=  7-5-8.  6.  =  297- 
3  00.  Luster  vitreous.  Color- 
less ;  also  bright  wine  -  yellow, 
pale  rose-red ;  brown.  Trans- 
parent to  snbtran  sin  cent.  Op- 
tioUly  -t-.  w,  =  1-6540;  e,  = 
l'66fl7,  Fnimont, 

Cwtp.— Beryllium  ■  orthosili- 
cate,  Be,SiO,  or  2BeO.SiO,  = 
KItca  64-46,  glucilia  46-55  =  100. 


HL  Antero,  Colo  ,  Pfd. 


Fiorisaiint.  Colo. 
9jt.,  ste.-^ltmii  remsliM  naaltered;  with  borax  fuios  with  extreme  slownen,  unlets 
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pulverized,  to  a  transpareDt  glass.  With  soda  affords  a  white  enamel;  with  more,  intu- 
mesces  and  becomes  infusible.     Dull  blue  with  cobalt  solution. 

Obs. — Occurs  at  the  emerald  and  chrvsoberyl  mine  of  Takovaya,  85  virsts  E.  of  Eka- 
terinburg; also  in  the  Ilmeu  Mts.,  near  Miask;  near  Fremont  in  the  Vosges  Mta.;  at  the 
Cerro  del  Meroido,  Durango,  Mexico. 

In  Colorado,  on  amazon-stone.  at  Topaz  Butte,  near  Florissant,  16  miles  from  Pike's 
Peak;  a\^  on  quartz  and  beryl  at  Mt.  Antero,  Chaffee  county.  Named  from  <p^vaq, 
a  deceiver^  in  allusion  to  its  having  been  mistaken  for  quartz. 

Trimarite.  (Mn,Ca)«Si04.Be«8i04.  In  thick  tabular  prismatic  crystals,  pseudo- 
hexagonal  (triclinic)  in  form  and  angle.  U.  =  6-7.  Q.  =  8*474.  Color  salmon-piuk  to 
nearly  colorless  in  small  crystals.     From  the  Harstig  mine,  Wermland,  Sweden. 

Dioptase.    HsCuSi04  or  H«O.CuO.SiO«.     Commonly  in  pHsmatic  819. 

crystals  (m'  =  84**  33i')-  Also  in  crystalline  aggregates;  massive.  Cleav- 
age: r  perfect.  Fracture  conchoidal  to  uneven.  H.  =  5.  G.  =  8*28- 
8  85.     Luster  vitreous.     Color  emerald-green. 

Occurs  in  druses  of  well-defined  crystals  on  quartz,  occupying  seams 
in  a  compact  limestone  west  of  the  hill  of  Altyn-TQbe  in  the  Kirehese 
Steppes;  in  the  gold  washings  at  several  points  in  Sil)eria;  at  Rezbanya, 
Hungary.  From  Copiapo,  Chili,  on  quartz  with  other  copper  ores.  In 
fine  crystals  at  the  Mine  Mindouli,  two  leagues  east  of  Comba,  in  the 
French  Congo  Slate.  Also  at  the  copper  mines  of  Clifton,  Graham  Co., 
Arizona. 

Friedelite.  HiCMnCOMufSiiOi*.  Crystals  commonly  tabular  |  c; 
also  massive,  cleavable  to  closely  compact.  H.  =  4-5.  G.  =  8 '07.  Color 
rose-red.     From  the  manganese  mine  of  Adervielle,  vallee  du  Louron,  Hautes  Pyrenees. 

P3rro8malite.  H7((Fe,Mn)CI)(Fe,Mn)4Si40i«.  Crystals  thick  hexagonal  prisma  or 
tabular;  also  massive,  foliated.  H.  =  4-4*5.  G.  =  8*06-8*19.  Color  blackish  green  to 
pale  liver-brown  or  gray..  From  the  iron  mines  of  Nordmark  in  Wermland;  Dannemora, 
Sweden. 


Scapolite  Group.         Tetragonal-pyramidal. 
Meionite  i  =  0*4393  Mizzonite,  Dipyre        i  =  0*4424 


Wernerite       d  =  0*4384 


Marialite 


6  =  0*4417 


SarcoHte       id  =  0-4437 

The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  ^roup 
of  the  tetragonal  system  with  nearly  the  same  axial  ratio.  They  are  white  or 
grayish  white  in  color,  except  when  impure,  and  then  rarely  of  dark  color 
Hardness  =  5-6"5;  G.  =  3*5-2*8.  In  composition  they  are  silicates  of  alu- 
minium with  calcium  and  sodium  in  varying  amounts;  chlorine  is  also  often 
present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not  present 
unless  by  reason  of  inclusions  or  of  alteration,  which  last  cause  also  explains 
tlie  carbon  dioxide  often  found  in  analysis. 

The  Scapolites  are  analogous  to  the  Feldspars  in  that  they  form  a  series 
with  a  gradual  variation  in  composition,  the  amount  of  silica  increasing  with 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c  in 
marialite.  A  corresponding  increase  is  observed  also  in  the  amount  of 
chlorine  present.  Furthermore  there  is  also  a  gradual  change  in  specific 
gravity,  in  the  strength  of  the  double  refraction,  and  in  resistance  to  acids, 
from  the  easily  decomposed  meionite,  with  G.  =  2*72,  to  marialite,  which  is 
only  slightly  attacked  and  has  G.  =  2*63.    Tschermak  has  shown  that  the 
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rariation  in  compositioD  msj  be  eiplained  b;  the  asaumption  of  two  fundii- 
mental  eDd  cotnpoDnde,  viz.: 

Meionito  Ca.Al.Si.O,,  Me 

Marialite  Na.A],Si,0,.Cl  Ma 

By  the  isomorphoita  combination  of  tbese  compounds  the  composition  of 
the  species  mentioned  above  may  be  explained ;  no  sharp  line  can,  however, 
be  drawn  between  them. 

Opiicftllv  the  serks  is  cLarscierizeil  by  tlie  deci'eaae  in  tbe  Htrengtli  o(  Ihc  double  ref iiu;- 
tioD  in  piiMitig  from  meioDite  to  marialite.  Tbus  (Lacrolz)  for  melnnlle  at  —  e  =  0  OSS; 
for  typical  werDerile  008-0-08;  for  dipyre  0 015. 

The  tetragonal  species  melilite  and  gehlenite  are  near  the  Scapolites  in 
angle.     The  more  common  vesuvianite  is  also  related. 


BIBIONITB. 

Tetragonal.  Axis  i  =  0-43925.  In  prismatic  crystals  (Fig.  179,  p.  60), 
either  clear  and  elasey  or  milky  white;  also  in  crystalline  grains  and  massive. 
Cleavage:  a  rather  perfect,  m  somewhat  Ipbb  bo.  Pjacture  conchoidul. 
Brittle.  H.  =  5  5-6  G.  =  2-iO-2-74.  Luster  vitreous.  Colorless  to  white. 
Transparent  to  translucent;  often  cracked  within.  Optically  — .  Double 
refraction  weak.     Indices,  Di.:  (w,  =  r594;  e,  =  1-558. 

Comp.— Ca.Al,Si.O„  or  4Ca0.3AI,0,.6SiO,  =  Silica  40-5,  alumina  34  4, 
lime  251  =  100. 

Tlie  varieties  Included  bcre  mnge  from  nearly  pure  meioaite  tci  ibose  cnnsUiing  of 
meloiilte  and  marislke  In  Ihe  ratio  of  3  :  t.  ■'.<.,  He  ;  Ma  =  3:  1.  No  aliarp  Hue  ran  be 
drawn  between  ineioiilie  atid  the  fntlowiog  species. 

Ob*.— Occurs  in  small  crystals  lu  ciivitiea,  usually  in  limeslODe  blocks,  on  Monte 
Borama.    Alao  in  ejected  mnases  at  ihe  Lniicber  See. 


CoimON   SCAPOIJTB. 

Tetragonal-pyramidal.     Axis  6  =  04384. 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.  The 
symmetry  oi  the  pyramidal  group  sometimes  shown  in  the  development  of  the 
faces  2(311)  and  2,(131).  Also  massive,  granular,  or  with  a  faint  fibrous 
appearance;  sometimes  columnar. 

«',  101  A  Oil  sBS-Btf. 
rr'.  Ill  A  ill  =  43' 46'. 
mr.  110  Ani  =  58M2'. 
M,'",  811  A  811  =29*  43'. 

Cleavage:  a  and  m  rather  distinct, 
but  interrnpted.  Fracture  subcon- 
choidal.  Brittle.  H.  =  5  -  6.  G.  = 
2'66-2'73.  Luster  vitreous  to  pearly 
externally,  inclining  to  resinous;  cleav- 
age and  cross- fracture  surface  vitreous. 
Color  white,  gray,  bluish,  greenish,  and 
reddish,  usually  light;  streak  uncolored.  Transparent  to  faintly  t>ublniiiB- 
lucent.  Optically—.  Birefringence  weak.  Indices:  oj,  =  1'56G,  e^  =  1-545 
Arendal. 

CenpqTar. — Intermediate  between  meionite  and  marialite  and  correspond- 
ing to  a  moleonlar  combination  of  these  in  a  ratio  3  : 1  to  1:3,     The  silica 
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▼aries  from  4G  to  54  p.  c,  and  as  its  amount  increases  the  soda  and  chlorine 
also  increase.     Scajmlitos  with  silica  from  54  p.  c.  to  60  p.  c.  are  classed  with 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  2  to  1 :  3  and  upwards. 
The  percentage  composition  for  a  common  compound  is  as  follows: 

Me  :  Ma  3  :  1       SiO,  46  10       A1,0,  30*48      CaO  19  10        NatO  3*54        CI  1  01  =  100-28 

Pyr..  etc.— B  B.  fuses  easily  with  iotumescence  to  a  white  blebby  glass.  Imperfectly 
decompostMl  by  hydrochloric  ucid. 

Diff.— Chnraclerized  by  its  square  form  and  prismatic  cleavage  (90*");  resembles  feldspar 
when  massive,  bul  has  a  charucteristic  fibrous  api)earauce  on  the  cleavace  surface:  it  is  also 
more  fusible,  and  has  a  higher  8i)ecific  gravity;  also  distinguished  by  fusibility  with  intu- 
mescence from  pyroxene  (wli.  see,  p.  887). 

Recognized  m  thin  sections  by  its  low  refraction;  lack  of  color;  rather  high  Interference- 
colors  reaching  the  yellows  and  reds  of  ti:e  first  order,  sections  showing  which  extinguish 
parallel  to  the  cleavage;  by  the  distinct  negative  axial  cross  of  basal  sections  which  show 
the  cleavage-cnicks  crossing  at  right  angles. 

Obs. — ^Occurs  in  metamorpliic  rocks,  and  most  abundantly  in  granular  limestone  near 
its  junction  with  the  associated  gniuitic  or  allied  rocks;  sometimes  in  beds  of  mngnetite 
accompanying  limestone.  It  is  often  associated  with  a  light-colored  pyroxene,  amphibole, 
garnet,  and  also  with  apatite,  titauite,  zircon;  amphibole  is  a  less  common  associate  than 
pyroxene,  but  in  some  cases  has  resulted  from  the  alteration  of  pyroxene.  Scapolitc  has 
i)een  shown  also  to  be  fre^iuently  a  component  of  basic  igneous  rocks,  especially  those  rich 
in  plagioclases  containing  much  Wmv;  it  is  regiirded  us  a  secondary  product  through  a 
certain  kind  of  alteration. 

Prominent  localities  are  at  Pargas,  Finlani..  where  it  occurs  in  limestone;  Arendal  in 
Norway,  and  MalsjD  in  Wermland,  where  it  occurs  with  magnetite  in  limestone.  Pa$- 
sauiU  is  from  Obernzell.  near  Pnssau,  in  l^avaria.  Th(^  pale  blue  or  gray  soapolite  from 
L.  Baikal,  Siberia,  is  called  glaucolite.  In  the  U.  S.,  occurs  in  Vermont,  at  Marlborough, 
massive.  In  Mass,,  at  Bolton;  at  Chelmsford.  In  iV.  Tork  in  Orange  Co.,  Essex  Oo,, 
Lewis  Co.;  Qrasse  Lake.  Jeffei-son  Co.;  at  Gouvemeur,  in  limestone.  In  JVl  Jersey^  at 
Franklin  and  Newton.     In  Penn.,  at  the  Elizabeth  mine,  French  Creek,  Chester  Co. 

In  Canada,  at  G.  Calumet  Id.,  massive;  at  Grenville:  Templeton;  Wakefield,  Ottawa 
Co.     Scapolite  rocks  occur  at  several  points. 

Mizzonite.  Dip3Te.  Here  are  included  scaiK)lite3  with  54  to  57  p.  c.  SiOs.  correspond- 
ing to  a  molecular  combination  from  Me  :  Ma  =  1 :  2  to  Me :  Ma  =1:3.  Mittonite  occurs 
in  clear  crystals  in  ejected  mafises  on  Mte.  Somma. 

Dipyre  occurs  in  elongated  square  prisms,  often  slender,  sometimes  large  and  coarse,  in 
limestone  and  crystalline  schists,  chiefly  from  the  Pyrenees;  also  in  diorite  at  Bamie,  Nor- 
way; Saint- Nazal  re,  France;  Algeria.  Couseranite  from  the  Pyrenees  is  a  more  or  less 
aliered  form  of  dipyre. 

Marialite.  Theoretically  Na^AlsSigOf^Cl.  see  p.  425.  The  actual  mineral  corresponds 
to  Me  :  M:i  =  1:4.     Ii  oceurs  in  a  voleanic  rock  called  piperno,  at  Pianura,  near  Naples. 

Sarcolite.  (('a.Na,)aAl,(Si04)s-  In  small  tetragonal  crystals.  H.  =6.  G.  =2*545- 
2  932.     Color  flesh-red.     From  Monte  Somma. 


MELILITE. 

Tetragonal.  Axis  d  =  0*4548.  Usually  in  short  square  prisms  {a)  or 
octagonal  prisms  {a,  m),  also  in  tetragonal  tables. 

Cleavage:  c  distinct;  a  indistinct.  Fracture  conchoidal  to  uneyen. 
Brittle.  II.  =  5.  G.  =  2-9-3*10.  Luster  vitreous,  inclining  to  resinous. 
Color  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism  distinct  in 
yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Optically  — .  Bire- 
fringence low.     Indices: 

IlumboldiUiU      ooi  =  1-6812      ooj  =  1-6339      er  =  1  6263      €y  =  16291  Henniger 

Comp.— Perhaps  R  K.Si.O..  or  Na.(Ca,Mg)„(Al,Fe),(SiO,),  for  melilite. 
If  Ca  :  Mg  =  8:3,  and  Al  :  Fe  =  1  :  1,  the  percentage  composition  is:  Silica 
37*7,  alumina  7*1,  iron  sesquioxide  112,  lime  31-3,  magnesia  8*4,  soda  4-3  = 
100.     Potassium  is  also  present. 
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Pjr,.  ato. — B.B.  fusee  at  3  to  &  yellowlsli  or  Ereen^sli  glasa.  Witb  tLe  fluxes  reiicte  for 
Iron,     Decompoaed  bj  livdriKshlunc  add  with  gelHliulzatluii. 

DidL— DhtioguUhed  in  iliiu  seciions  by  iis  iiiodtraie  icfractioo;  very  low  inlerferuoce- 
colors,  Bbuwiiig  utleii  tbe  "  uJIro  blue"  (Capo  di  Bove);  parallel  exliiictlon;  negalive  tbar- 
octer;  u'Util  developiiieut  !□  tables  parallel  lo  tbe  bitse  aud  verj  common  "  peg  Biriiclure" 
due  to  piirsllt!]  rod-like  iucliiBions  peuetraling  Ilie  crystal  from  tbe  baul  ]>laDesliiwAvd:  tbla, 
bowever,  is  uot  always  easily  neeu. 

OIm. — Hclillie  is  ii  compniienl  oF  certain  jgueoiia  rucks  formed  from  magmns  very  low 
In  silica,  ratber  dcficleut  In  iilkalitiS,  aud  t;iiuiBitiiu|^  cuuaiUcnible  lime  iiod  Hliimina.  lo 
sucb  cases  melllite  appears  to  cryetalllze  iu  tbe  place  of  tlie  mure  acid  iilnjcioclnse. 

MelUiU  I'f  yellow  nnd  brownish  colore  Is  fimnd  at  Capo  di  Bore,  near  Itiiiiie.  in  leiicito- 
pbyre  with  uephellle,  augfte,  bornblende;  at  Vesuvius  In  dull  yellow  crystnls  (toraervUiUey. 
uot  iincotniiion  in  certain  luuiccriipIiTcrocke,  unlhe  metU\tt-ba»allt  oi  Hncbbobi  near  Owen 
in  WQi tIeml>erK,  of  tbe  Scbw^iblaa  Alb,  of  GOrliiz.  tlie  Er/,g<:birsi--:  tlf"  in  il"!  ntpliellle 
baaalts  of  tlie  Hegau.  of  Oahu,  Sandwich  Islands,  etc. ;  perovekiie  Is  a  cntiiiimn  aswiirinte. 
Cumoioii  )d  fnruace  slags.     Melilite  is  named  fmni  ue'Ai.  honey,  in  iiHusion  In  liie  idIot. 

Bumbotdtaitt  occnrs  In  cavernous  blocks  on  Monle  8i)mmn  with  greenish  mica,  also 
apatite,  aagile;  tbe  crystals  are  often  ratber  liti'Ke,  and  covered  wllb  n  calcareona  conlln^; 
less  cumtniin  fn  transparent  lustrous  crystals  wUb  nepbelite,  sartulitv,  etc..  In  iin  augllic 
rock.    ZarUte  U  Impure  bumboldiUite. 

OahlMlta.  Cn,Al,Si,0 ,..  Crystals  usually  short  Kjuare  pHsms.  Axis  ^  =  0-4001. 
O.  =  a-fr-t-OT.  D1ff<'rent  shades  of  grayish  green  to  liver-brown.  From  Houul  HoDZOut, 
In  the  FasMtbal,  to  Tyrol. 


VIISU  VIANTTB.     Idocrase. 

Tetragonal.     Axis  i  =  0-5373. 

«,  001  A  101  =  39°  15'. 

(51,001  Mil  =  87''  131'. 

rf,  001  A  881  =66°  18'. 


pp*,  111  A  111  =  » 
w",  811  A8il  =3 


Often  in  crystals,  prismatic   or    pyramidiil.      Also  maRsive;    colnmiiar, 
ttraigbt  uid  divergent,  or  irregnlar;  granular  massive;  cryptocrystalline. 
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Cleavage:  m  not  very  distinct;  a  and  c  still  less  so.  Fractore  subcon- 
ehoidal  to  uneven.  Brittle.  H.  =  6*5.  G.  =  3  35-3*45.  Luster  vitreous; 
often  inclining  to  resinous.  Color  brown  to  green,  and  the  latter  frequently 
bright  and  clear;  occasionally  sulphur-yellow,  and  also  pale  blue.  Streak 
white.  Subtransparent  to  faintly  subtraneluceut.  Dichroisui  not  usually 
strong.  Optically  —  ;  also  +  rarely.  Birefringence  verv  low.  Sometimes  ab- 
noriniilly  biaxial.     Indices:  coj  =  1-7235,  e^  =  1*7226  Ala,  Osann. 

Comp.— A  basic  calcium-aluminium  silicate,  but  of  uncertain  formula; 
perhaps  Ca,[Al{OH,F)jAl,(SiO A.  Ferric  iron  replaces  part  of  the  aluminium 
and  magnesium  the  calcium.  Fluorine  and  titanium  may  be  present.  The 
following  are  typical  analyses  (Jannasch): 

SiO,    TiO,  A1,0,  FejO,  FeO  MnO    CaO  MgO  Xa^O  Li,0  H,0    F. 

1.  Vesuvius,  {  36U8     —  lO'TO  2  99  201  0-57  35  67  262  043  008  1  32  108  =  100*45 

2.  Vilui.  3617  130  1223  218  149  015  35*81  6*05  045     —  0*72  0*22  B,0,  2  81=99  58 

Pyr.,  etc. — B.B.  fuses  nt  3  with  iutumesceuce  to  a  greenish  or  browuish  glass.  Maenus 
states  that  the  density  after  fusion  is  2*93-2*945.  With  the  fluxes  gives  reactions  for  IrcD, 
and  some  varieties  a  strong  mangjinese  reaction.  Ci/prine,  a  bhie  vairietj,  gives  a  reaction 
for  copper  with  suit  of  phosphorus.  Partially  decomposed  by  hydrochloric  acid,  aod  com- 
pletely when  the  mineral  has  been  previously  ignited. 

Di£t— Characterized  by  its  tetragonal  form  and  easy  fusibility.  Resembles  some  brown 
varieties  of  garnet,  tourmaline,  and  epidole. 

Recognized  in  thin  sections  by  its  high  refraction  producing  a  very  strong  relief  and  its 
extremely  low  birefringence;  *  also  in  gcDcnil  by  its  color,  pleochroism,  and  uniaxial  nega- 
tive character;  the  latter,  on  account  of  the  low  birefringence,  being  difficult  to  determine. 
The  low  birefringence,  however,  aids  in  dii>tiuguishing  it  from  epidote,  with  which  at  times 
it  may  be  confounded. 

Obs.— Vesuvianite  was  first  found  among  the  ancient  ejections  of  Vesuvius  and  the 
doloniitic  blocks  of  Monte  Somma,  whence  its  name.  It  commonly  occurs  as  a  contact  min- 
eral from  the  alteration  of  impure  limestones,  then  usually  a  sociated  with  lime  garnet 
(u:ro8Sularite).  plilogopite,  diopside.  wollastonite;  also  «pidote;  also  in  f^erptutine,  chlorite 
schist,  gneiss  and  related  rocks. 

Prominent  localities  are  Vesuvius;  the  Albani  Mts. ;  the  Mussa  Alp  in  the  Ala  valley,  in 
Piedmont;  Mt.  Monzoni  in  the  Fassathal;  at  Oniwitza  and  Do^naezka:  Haslau  ntarEgvr 
in  Bohemia  iegeran);  near  JordansmQhl,  Silesia;  on  the  Vilui  river,  near  L.  Baikal  (some- 
times called  wiluit'  or  viluite.  like  the  grossular  gjirnel  from  the  same  region):  at  Arendal, 
**  colophoiiite** ;  at  Etgg,  near  Christiansand. 

In  N.  America,  in  Maineni  Phippsburg  and  Rumford;  at  Sandford.  In  N.  Hampshire, 
at  Warren  with  cinnamon-stone.  In  li.  York,  \  m.  S.  of  Amity.  In  New  Jei-$ey,  at 
Newton.  In  Californui  near  San  Carlos  in  Inyo  Co.  In  Canada,  iit  Calumet  Falls,  Litch- 
field, Ponliac  Co.;  at  Greuville  in  calcite;  at  Templeton,  Ottawa  Co.,  Quebec. 


Zircon  Group.     KSiO,.     Tetragonal. 

Zircon  ZrSiO,  d  =  0*6404 

Thorite  ThSiO,  d  =  0-6402 

This   group  includes  the  orthosilicates  of  zirconium  and   thorium,  both 
alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

The  e  species  nre  sometimes  repirded  as  oxides  and  then  includeil  in  the  Rdtile  Group 
(p.  343),  to  which  they  approximate  closely  in  form.     A  similar  form  belongs  also  to  the 

♦  Fre(iuently  mineral  .  whcli.  like  vesuvianiie,  melilite  and  zoisile,  are  doubly  refraciinir 
but  of  extremely  low  birefrin^'ence  (jiud  possiMy.  where  they  are  positive  for  one  color  but 
negative  for  another),  do  not  show  a  gray  color  between  crossed  nicols  but  a  curious  blue, 
at  times  an  intense  Berlin  blue,  which  is  quite  distinct  from  the  other  bluet  of  the  color 
scale  and  is  known  as  the  "  ultra  blue." 


taaulate,  Tftploltte,  and  to  the  pboipbate.  XeDotlme;  further,  compound  groupa  cooiUting 
ot  crystal!  of  X«DOtime  and  Zircon  In  parallel  poeitioa  are  not  uncommou  (Fig.  481,  p.  181). 


ZIBOOH. 

Tetragonal. 


Axis  i  =  0-64037. 


«*,  101  A  on  =  U-  W. 
m",  101  A  iOl  =  65°  16'. 
pp".  Ill  A  ill  =  66°40i'. 
vu',  831  A  BSl  =  83'  V. 


830. 


mp,  110  A  111  =4r  00'. 
mw,  110  A  381  =  30°  13^'. 
aai*",  811  A  8il  =  82°  ST. 
ax,     100  A  Sll  =81°43'. 


B31. 


B33. 


Twine:  tw,  pi.  e  (101),  geniculated  twins  like  riitilo  (Fig.  374,  p.  124). 
Commonly  in  square  prisms,  sometimes  pyramidal.  Also  in  irregular  forma 
and  grains. 

CHeaTage:  m  imperfect;  p  (IH)  less  distinct.  Fracture  conchoidal. 
Brittle.  H.  =  7'5.  G.  =4  08-4 -70  most  common,  but  varying  widely  to  4-2 
and  4'86.  Ltister  adamantine.  Colorless,  pale  yellowish,  grayish,  yellowish 
green,  brownish  yellow,  reddisli  brown.  Streak  uncolored.  Transparent  to 
Bubtranalncent  and  opaque.  Optically  +.  Birefringence  high.  cOy  =  1'9239, 
e,  =:  1'9682,  Ceylon.     Sometimes  abnormally  biaxial. 

Byadnth  [s  the  omnge.  redilisli  nnd  brownisli  trniiHpni'ent  kind  used  for  gems.  Jargon 
\%  a  uanie  Kiven  to  ilie  cnlorle.'ia  or  smi>k;  zircons  or  Ccyloii.  In  allusion  to  the  fact  Uint 
wliile  reBemliliDg  tlie  diamond  in  lustur,  tlicy  are  com  pa  rati  rely  wurtliless;  llience  curne 
tlM  name  tireon. 

C««K—ZrSiO,  or Zr02.Si02=  Silica  32-8,  zirconia  67-2  =  100.  A  little 
iron  (Fe,0,)  ia  osnally  present. 
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P5rr.,  etc. — Infusible;  the  colorless  varieties  are  unaltered,  the  red  become  oolorleis, 
while  dark-colored  varieties  are  made  white ;  some  varieties  glow  and  iucrease  in  density 
by  igiiitiou.  Not  perceptibly  acted  upon  by  salt  of  phosphorus.  In  powder  decomposed 
when  fused  wiih  soda  ou  the  platinum  wire,  and  if  the  product  is  dissolved  in  dilute  hydro- 
chloric acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric 
paper.  Not  acted  upon  by  acids  except  in  tine  powder  with  concentrated  sulphuric  acid. 
Decoinposed  by  fusion  wiih  alkaline  carl)onates  and  bisiilphates. 

Din. — Cliaracterized  by  the  prevailing  square  pvramid  or  square  prism  ;  also  by  its 
adamantine  luster,  hardness,  high  spec  ill  c  gravity,  and  infusibility;  the  diamond  is  optically 
isoirnpic. 

Recognized  in  thin  sections  by  its  very  high  relief;  very  high  interference-colors,  which 
approach  white  of  the  higher  order  except  in  very  thin  sections ;  positive  uniaxial 
character.  It  is  distinguished  from  Ciuisiieriie  and  rutile  only  by  its  lack  of  color,  and  from 
the  latter  also  in  many  cases  by  inutix  d  of  occurrence. 

Obs. — A  common  constituent  i>f  igneous  rocks,  especially  those  of  the  more  acid  feld- 
spathic  groups  and  particularly  the  Kinds  derived  from  magmas  containing  much  stwla. 
Is  generally  present  in  minute  crystals,  but  in  pegmatitic  facies  often  in  large  uud  well- 
formed  crystals.  Occurs  more  rarely  elsewhere,  as  in  granular  limestone,  chloritic  and 
other  schists  ;  gneiss ;  sometimes  in  iron -ore  beds.  Crystals  are  common  in  most  aurifenms 
simds.  Sometimes  found  in  volcanic  rocks,  probably  in  part  as  inclusions  derived  from 
older  rocks. 

Zircon  in  distinct  crystals  is  so  common  in  the  pegmatitic  forms  of  the  nephellte-sycnite 
and  augite-syeiiite  of  southern  Norway  (with  cpgirite,  etc.)  that  this  rock  there  anil  else- 
where hi\a  sometimes  been  called  a  '* zircon-syenite." 

Found  in  alluvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural,atLaurvik.  Norway; 
at  Arcndnl,  in  the  iron  mines:  at  Fi'edriksvftrn.  and  in  veins  in  the  augite-syenite  of  ilie 
Langesuud  tiord;  Pfitsclithal,  Tyrol;  in  lava  at  Niedermendie  in  the  Eilel.  red  crystals:  etc. 

In  N.  America,  in  Maine,  at  Litchfield;  In  N.  Ym'k,  in  Moriah,  Elssex  Co  ,  cinnamon- 
rod;  near  the  outlet  of  Two  Ponds.  Orange  Co.,  with  scapoliie,  pyroxene  and  tilaniie;  at 
Warwick,  chocolate-brown,  near  Amity;  in  St.  Lawrence  Co.,  in  the  town  of  Hammond; 
at  liossie.  Fine.  Pitcairn.  In  Venn,,  near  Heading.  In  N.  Cnr,,  abundant  in  the  gold 
sjuids  of  Burke.  McDowell,  Polk,  liuiherford.  Hentlerson,  and  other  counties.  In  Color >  do, 
with  asirophyllite,  etc.,  in  the  Pike*8  Peak  region  in  El  Paso  Co.;  at  Cheyenne  Mt.  lu 
California,  in  auriferous  gravels. 

In  Canada,  at  Grenville.  Argentcuil  Co.;  in  Templeton  and  adjoining  townships  in 
Ottawa  Co.,  Quebec;  in  Renfrew  (;o  .  sometimes  very  large;  in  North  Burgess,  Latuirk  Co. 

Malacon  is  an  altered  zircon.  Cj/rtoUte  is  related  but  contains  uranium,  yttrium  and 
other  rare  elements. 

Thorite.  Thorium  silicate,  ThOa,  like  zircon  in  form;  usually  hvdrated,  black  in 
color,  and  then  with  (x.  =  4-5-5;  also  orange -yellow  and  with  Q,  =  b'l9-6A0  (arangiie).  From 
the  Brevik  region.  Norway;  also  near  Arendal. 

Auerlite.  Like  zircon  in  form;  supposed  to  be  a  silico-phosphate  of  thorium.  Hender- 
son Co.,  N.  C. 


n  m  mm 

Daiibiiritc-Topaz  Group.     Orthorhombic.     RR,(SiO,),  or  (RO)  RSiO,. 

Danburite  CaB,(SiO  J,  Hihii  =  0*5444  :  1  : 0  4807 

Topaz  [Al(F,On)JAlSiO,  d:h:i  =  05285  :  1  :  0-4770 

Andalttsite  (AID) AlSiO,  i  5  :  ^  :  f (J  =^  0-5070  :  1  :  0  4749 

or    d  :h:i  =  0-9861 :  1  :  0-70-^5 


Sillimanite  Al,SiO,  Orthorhombic  df :  i  =  0*970  -  1 

Cyanite  Al.SiO.  IViclinic 

d:l:i  =  0-8994  :  1  :  07090;  a  =  90°  SJ',  /?  =  10^  2',  y  =  105«  44J' 
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DAMBUBITB. 

Orthorhombio.     Axes  £  :  b  :  d  =  0-5444  :  1  :  04807. 

83S.  mm'",  110  A  HO  =  57*  8'.  <W',  101  A  101  =    82*  6ff. 

a,        ISO  A  120  =  SS"  8".  wuf.  041  A  Oil  =  136°    V. 

Hfibit  priamatic,   reBeiubling  topaz.     Also   in  indiBtiitct 
embedded  crystals,  and  d  iseemiiiated  niassea. 

CleaTage:  c  very  indistiDct.     Fracture  uneven  to  subcoii- 
,     cboidal.      Brittle.      H.  =  7-7-25.      G.  =  2-97-303.      Color 
pale  wine-vellow   to  colorless,  yellowisli  vbite,  dark  wiue- 
yellow,  yellowish  brown.   Luster  vitreous  to  greasy,  on  crystal 
Burfaces  brilliant.   Traneparent  to  translucent.   Streak  wnite. 
Comp.  —  OaB,(SiO.),    or    CaO.B,0,.2SiO,  =  Silica  48-8. 
boron  trioxide  28*4,  lime  22-8  =  100. 

Pyr.,  cto. — B.B.  fuses  at  8'5  In  r  colorlesa 
(boron).     Nut  ilecuDipiiBed  b;  livdrocli loHc  ai      .  .      _ 

to  give  Ibe  reftctiou  ot  boric  scio  with  lurmeric  paper.   Wben  previously  ignlteU  gelattuizes 
with  hydrochloric  acid,     rbotplioretces  on  beHliag,  )^vlng  it  reddlib  ligbt. 

Oba. — Occurs  at  Danbury.  Cohd..  witb  nlcrocliiie  ami  o11g[>cliise  in  dolomite.  At 
BuBsell,  N.  T  ,  fn  fine  crysials.  On  tbe  Piz  Viilatscba,  Ibe  aortlierii  spur  of  Mt.  Skopi 
toutli  of  DUsenlis  Id  Basteru  BwilEerlnucI,  in  slender  priamntlc  ciyslals. 

Babsowitb.  Tills  doDbtful  species,  occurrliifc  with  blue  coruuJum  in  the  Ural,  il  bjr 
■ome  authors  cUited  wfilidanburito;  com  position  Ca  A  l|Bi,Ot  li  lie  anort  Lite. 


TOPAZ. 

Orthorhombio. 
837. 


Axea  d:h:i-  0-52854  :  1 :  0-47698. 
S3B.  S3». 
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Brazil.                Durango. 

Japan. 

l/y".  041  A  Oil  =  124°  41'. 

uu' 

Ill  A  111=    78°   80". 

ci.    001  A  323=   sew. 

u«" 

,111  AU1=  8»*     0-. 

eu.    001  A  111=    45°  35'. 

IXf. 

321  A  221  =  105*      r. 

eo.    001  A  321  =    63°  H'. 

<w"' 

321  A  aSl  =  49'  87J'. 

tFral. 
mm'".  110  A  110  =  65'  48'. 
tf,  120  A  i«  =  89'  49'. 
AC,  201  A  301  =  133*  I'. 
Xr,  048  A  OlS  =  64*  59'. 
/r.      081  A  Oil  =    8:°  18'. 

Crystala  commonly  priamatic,  m  predominating;  or  I  (120)  and  the  form 
then  a  nearly  satiare  priam  reaembliiig  andaliiaite.  Faces  in  the  priamatic 
Eone  often  vertically  striated,  and  often  showing  vicinal  planes.  Alao  firm 
columnar;  grauclar,  coarse  or  fine. 

Cleavage  :c  highly  perfect.  Fracture  subconchoidal  to  uneven.  Brittle. 
H,  =  8,  0,  =5  3-4--3-6.  Luster  vitreous.  Color  straw-yellow,  wine-yellow, 
white,  grayish,  greenish,  bluish,  reddiab.  Streak  uncolored.  Transparent  to 
snbtranilncent.  Optically  +.  Ax.  pi.  {  b.  Bx  X  c.  Axial  angles  variable, 
a^  =  112"  to  180*  40'.    Refractive  indicea,  Brazil  (Miihlheims) : 
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For  D        a  =  1-62986        /S  =  1-63077       y  =  1-68747       .-.    2V  =  49*  81' 

Var. — Ordinary,  In  prismatic  crystals  usually  colorless  or  pale  yellow,  leas  often 
pale  blue,  pink,  etc.  The  yellow  of  tbe  Braziliau  crystals  is  changed  by  heating  to  a  pale 
rose-pink.     Often  contaius  inclusions  of  liquid  COs. 

Physalite,  or  pyrophysalite,  is  u  coarse  nearly  opaque  varitty,  from  Finbo;  iniumesces 
when  heated,  hence  its  name  from  (pvaaXis,  bubble^  aud  nvp^fire.  Pyeuiie  hvA  ti  coXMm- 
nar,  very  compact  structure.  Rose  made  out  that  the  cleavage  was  the  same,  and  the 
form  probably  the  same;  and  Des  Cloizeaux  showed  that  the  optical  characters  were  those 
of  topaz. 

Comp. — (AlF),SiO,;  usually  containing  hydroxyl  and  then  [Al(F,OH)],SiO^ 

as  given  on  p.  430.     The  former  requires  Silica  32*6,  alumina  55*4,  fluorine 

•7  =  108  7,  deduct  (0  =  2F)  87  =  100. 

Pyr.,  etc.— B.B.  infusible.  Fused  in  the  closed  tube,  with  previously  fused  and  pul- 
verized salt  of  pliosphorus,  etches  the  glass,  giving  off  silicon  fluoride,  which  forms  a  ring 
of  SiOt  above.  With  cobalt  solution  the  pulverized  mineral  gives  a  fine  blue  on  heating. 
Only  partially  attacked  by  sulphuric  acid.  A  variety  of  topaz  fix>m  Bnizil,  when  bedted, 
aisum.'s  a  pink  or  red  hue.  resembling  the  Balas  ruby. 

Diflf— Characterized  by  its  prismatic  crystals  with  angles  of  56*  (124')  or  87*  (98*);  also 
by  the  perfect  basal  cleavage;  hardness;  iufusibility;  yields  fluorine  B.B. 

Obs. — Topiiz  occurs  especially  in  the  highly  acid  igneous  rocks  of  the  granite  family, 
as  gnuiite  and  rhyolite,  in  veins  and  cavities,  where  it  appears  to  be  the  result  of  funiarole 
action  after  the  crystallization  of  the  magma;  sometimes  also  in  the  surrounding  si*hisis. 
gneisses,  etc.,  as  a  result  of  such  action.  In  these  occurrences  often  accompnuiid  by  fluor- 
ite,  ('ris^iicritp,  tourmaline. 

Fine  io|):iz  comes  from  the  Urals,  from  Alabashka,  in  the  region  of  Ekaterinburg;  from 
Miask  in  the  Ilnien  Mts  ;  also  the  gold-washings  on  the  R.  Sanarka.  in  Govt.  Orenburg:  in 
Nerchinsk,  beyond  L.  Baikal,  in  the  Adun-Chalon  Mis,  etc.;  in  the  province  c»f  Minas 
Geraes,  Brazil,  at  Oiiro  Preto  and  Villa  Rica,  of  deep  yellow  color;  at  the  tin  mines  of 
Zinnwald  and  EUrenfriedersdorf,  and  smaller  crystals  at  Schneckenstein  aud  Altenberg; 
skv.bliie  crystals  in  Oiinigorm.  Aberdeenshire:  the  Mourue  ntouutains.  Ireland;  on  the 
island  of  Elba.  Phi/sUiU  occurs  in  crystals  of  great  size,  at  Fossum,  Norway;  Finbo, 
Sweden.  Fycnit:  is  fn)ni  tlie  tin  mine  of  AltenluTg  in  Saxony;  also  of  Schlackenwald. 
Zinnwald,  etc.  Fine  cry5»t'ils  occur  at  Duraiigo,  Mexico,  with  tin  ore;  at  S«n  Luis  Poiosl 
in  rliyolite.  Mt.  Bi>clioff.  Tasmania,  with  tin  ores;  sinnlarly  in  New  South  Wales.  Id 
Japm  In  peaf.natite  fmm  Otaui-yatna,  Province  of  Omi,  near  Kioto. 

In  tlie  United  Slate**,  in  Maine,  at  Stonehum,  in  albiiic  gnuiite.  In  Conn,,  at  Trumbull, 
with  fliiorlte;  al  Williniantic.  In  N.  Car.,  at  Crowdtr's  Mountain.  In  OoUfrcuio,  in  tine 
crystals  colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Naihrop,  Chnffee  Co.,  in 
winn-colored  crystals  with  spessartite  in  litliophyses  in  rliyolite;  sindlarly  in  the  rhvolite 
of  (/halk  Ml.  In  (ftih,  in  fine  traiisparent  colorless  crystals  with  quartz  and  sanidlue  in 
the  rhvolite  of  the  Thoiujis  Range.  40  miles  north  of  Sevier  Lake. 

Tho  nmiM  topnz  is  fnnn  ruTTtt^io?,  an  island  in  the  Red  Sea.  as  stated  by  Pliny.  But 
the  io|mz  of  Pliny  was  not  the  true  topaz,  as  it  "yielded  to  the  tile."  Topaz  was  included 
bv  Pliny  and  earlier  writers,  as  well  as  by  many  later,  under  the  name  cfirytoliia, 

ANDALUSITB, 

Ortlioi-hoiubic.     Axes  a  :l  :  (5=0-98Cl  :  1  :  0*70245. 

841.  842,  mm"\  110  a  lIO  =  89*  ly. 

M',  Oil  A  Oil  =  70*  IC. 

Usujilly  in  coarse  prismatic  forms, 
the  prisms  nearly  square  in  form. 
Massive,  imperfectly  columnar;  some- 
times  radiated  and  granular. 

Cleavapro:  m  distinct,  sometimes  per- 
fect (Brazil);  a  less  perfect;  b  in  traces. 
Fracture  uneven,  suhconchoidal.    Brittle. 
^       _        H.  =  7-5.     G.  =  31 6-3-20.     Luster  vi^ 
rtfous;  often  weak.    Color  whitish,  rose-red,  flesh-red,  violet,  pearl-gray,  red- 


m 


m 


m 


m 


=  0011. 
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dish  brown,  oliTe-green.  Streak  nncolored.  Transparent  to  opaque,  usnall^ 
eubtraiiBlncent,  Pleochroism  strong  in  eome  colored  varieties.  Absorption 
strong,  a  >  b  >  c  Sections  normal  to  an  optic  axis  are  idioplianons  or 
sbow  the  polarization-bmahea  distinctly  (p.  219),  Optically  — .  Ax  pi  I  ^ 
BxXc    2H,  =  96°  30' Brazil;  >J,  =  1-63B;  ;' -    --"■"'■ 

VliiattoUte.  or  Maele  ts  n  TiiHcty  in  slout  crystuls  iJavlng 
tbe  iixU  uDd  DDgles  i>f  a  illffereiit  color  from  Uic  rest,  owiur 
to  a  regulur  arniuKemenl  of  curbou&teouB  Impuriiies  tbioiigE 
the  iaierior,  nud  beiice  exhibltlMg  a  colored  croBe,  or  a  tea- 
seluled  iippeanuicu  in  a  tmusversu  Bectiou.  Fig.  844b1jow8 
teclioiiB  of  a  crystal. 

Comp.— Al.SiO,  =  (A10)A18iO.  or  A1.0..SiO,  = 
Silica  36'8,  ulnmiua  63*3  =:  100.  Manganese  is 
aometimea  present,  as  in  manganaudaluaite. 

Pyr..  ato.~B.B.  lofuslble.  Willi  coliiilt  soluiion  giies  k 
blue  color  after  fgoitioD.  Not  decomposed  by  ncidg.  De- 
comtxised  ou  fusion  witli  caustic  alkallus  and  nlkaliiie  car- 
bouatt-B. 

Siff.— Cbnraclerized  by  the  nearly  square  prism,  pleo- 
cbrnlsm,  hurdiiina,  lufusibUJly:  ruacllori  for  alumjuiL  B.B. 

DistiDguIsbed  in  Ibla  bccliohi  by  its  liigb  relief;  low 
Interference- colors,  whicli  arn  unly  sligblly  nbove  lliose  of  1 

Suanz:   negative  binxlal   clmracier;   negailve  exU'UBioii    of 
le  crystiils  (diS.  from  sllllmaulte);  ralber  distinct  prisuinlic   cleavage  and   Ihe   constant 
|)ua11ul  eidnclioD  (dift.  from  pyroieuea,  wblcli  bave  also  greater  blrefrlugeuce);  also  by  iiB 
844. 
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idiarscl eristic  arrangement  of  Impurities  wlien  tbese  are  present  (Fig.  844),  Tbe  pleo- 
cbrolnn,  wbicb  is  often  lucking,  is  wben  pneent  si  rong  and  cliarncif  lislic. 

Ob*.— Moat  common  in  argil Ii)ce<:ius  scbist,  or  otlitr  BCbisls  Imperfectly  rryslnlllne;  also 
Id  gneiss,  mica  schist  imd  related  rocks;  rarely  in  connecliou  wltb  serpentine.  Tbe  variety 
ebliiaidllte  Is  commonly  a  contact  mineral  in  cbiy-Blnles,  e.g.,  adjohiiug  granliic  dikes. 
Sometimes  asdoclnled  wiib  sllllmimlts  with  rarallel  axes. 

Found  fn  Spain,  iu  Andalusia:  iu  tbe  Tyrol,  Lisens  Alp;  in  Saxony,  at  Btanopdoif; 
Bavaria,  ut  Wunsiedel,  etc.  Id  Brazil,  pixivmce  of  Minaa  Qeraes,  In  line  crystals  and  iis 
tolled  pebbles. 

In  N.  America,  fn  Maine,  at  Standisb.  JV:  Uamp..  Wliile  Mtn.  KntcV;  Mau..  nt  West- 
ford;LBDcnB(er,  both  Tarieties;  Steriing.  cbiaslolile.  ConH..M  Litclifield  and  Wa»hiugton. 
/V«it.,  In  Delawnre  Co.,  near  Lelperville,  l;irge  crysl.:  Upper  PioTldcnee, 

Named  from  Andalusia,  Ibe  first  locality  uolcd.  The  name  n>aW«  is  from  tbe  Lallu 
matnln,  a  spot,  Cbiaslolile  Is  from  iiuo-rof,  arranged  diogoanlly,  and  lience  fi-om  eki, 
the  Greek  name  for  tbe  letter  K, 


Pibrolite. 

Orthorhombic.  Axes  d  :%  =  0-970  : 1.  mm'"  =  88°  15',  lili'  (230  A  330) 
=  09°.  Prismatic  faces  striated  and  rounded.  Commonly  in  long  slender 
crystals  not  distinctly  terminated;  often  in  close  parallel  groups,  passing  into 
llbrona  and  colnmnar  mflssive  forms;  sometimes  radiating. 

Cleavage:  ft  very  perfect.  Fracture  uneven.  H,  =  fi-T.  G.  =  3'23-324. 
Luster  Titreona,  approaching  suhadamantiue.  Color  hair-brown,  grayish 
brown,  grsyiah  white,  grayish  green,  pale  olive-green.  Streak  uncolored. 
Transparent  to  tranalacent.     Pleochroism  sometimes  distinct.     Optically  -\-. 


434  DESCRIPTIVE  MINERALOGY. 

Double  refraction   strong.     Ax.  pi.  |  5.      Bx  J.  c.    Dispersion  p>  v,    2Er  = 
44°.     /?  =  1-661;  ;/  -  a  =  0021. 

Pyr. — Same  as  aDdalusite. 

Di£f. — Cliara(!tifrized  by  its  fibrous  or  columnar  form;  i>erfect  cleavage;  infusibilitj; 
rcaclion  for  alumina. 

lu  thin  sect  ions  recognized  by  its  form,  usually  with  transverse  fractures;  parallel 
extinction;  high  interference-colors. 

Obs. — Often  present  in  tlie  quariz  of  gneisses  and  sometimes  granites  in  very  slender, 
minute  prisms  commonly  aggregated  together  and  sometimes  intergrown  with  audulusitc; 
iolitc  is  also  a  common  associate;  rarely  as  a  contact  mineral;  often  occurs  with  corundum. 

0I)8erved  in  m:iny  locidities,  thus  near  Moldnu  in  Bohemia  {Faaerkietelf;  at  Fiu^a  in 
Tyrol  {buehoLzitt);  in  the  Carnatic  with  corundum  (fibroUte);  at  Bodenmais,  Bavaria;  Frei- 
bert;^,  Saxony;  in  France,  near  Pontgibaud  and  other  points  in  Auvergue;  forms  rolled 
masses  in  the  diamantiferous  snnds  of  Minus  Geraes,  Brazil. 

In  the  United  Stales,  in  Ma$$tiehu%etis,  \\i  Worcester.  In  Conneeiicui,  near  Norwich, 
with  zircon,  monazite  and  corundum;  at  Willimantic.  In  N.  York,  hX.  Torktown,  West- 
chester Co.;  in  Monroe.  Orange  Co.  (Tnanroliie).  In  Penn.,  at  Chester  on  the  Delaware, 
near  Quoensbury  forge;  in  Delaware  Co. ;  Velatoare,  at  Brandywine  Springs.  With  corun- 
dum in  N.  Carolina 

N Rmed  JibroUU  from  the  fibrous  massive  variety  (Oerm.,  Faserkiesel);  tiUitnanite,  after 
Prof.  Benjumin  Silliman  of  New  Haven  (1779-1864). 

BamliU,  xenoliU,  todrthite  piobably  belong  to  sillimanite;  the  last  is  altered. 

OTANITS.     Eyanite.     Disthene. 

Triclinic.  Axes  d:h:i  =  08994  :  1  : 0-7090 ;  a  =  90"" 5^,  /5  =  101** V, 
y  =  105°  44i'.     acy  100  A  001  =  78''  30';  he,  010  A  001  =  Se"*  45'; 

845.  Usually  in  long  bladed   crystals,  rarely  terminated. 

. .      Also  coarsely  bladed  columnar  to  subfibrous. 

y\       c         ^  Cleavage:  a  very  perfect;  5  less  perfect;  also  parting 

^    '  ^^     II  c.     H.  =  5-7-25;  the  least,  4-5,  on  a  |  <5;  6-7  on  a  |  edge 

a/c\  7  on  h.  G.  =  3'56-3*67.  Luster  vitreous  to  pearly. 
Color  blue,  white;  blue  along  the  center  of  the  blades  or 
crystals  with  white  margins;  also  gray,  green,  black. 
Streak  uncolored.  Translucent  to  transparent.  Pleo- 
chroisra  distinct  in  colored  varieties.  Optically  — .  Ax. 
pi.  nearly  JL  a  and  inclined  to  edge  a/b  on  a  about  30% 
and  about  7^  on  h.  2H^r  =  99°  18'  Pfitschthal. 
Cemp. — Empirical  formula  Al,SiO,  or  Al,0,.SiO„  like  andalusite  and  silli- 
manite.    Perhaps  a  basic  metasilicate,  (A10),SiO,. 

Pyr. ,  etc.— Same  as  for  andalusite.  At  a  high  temperature  (1820**-! 880*)  eyanite  assumes 
the  physicul  characters  of  sillimanite. 

Diff.— Characterized  by  tlie  bladed  form;  common  blue  color;  yar3ring hardness;  infusi- 
bility;  reaction  for  alumina. 

Obs.— Occurs  principally  in  gneiss  and  mica  schist  (both  the  ordinary  variety  with 
muscovite  and  also  that  with  paragonite)  often  accompanied  by  garnet  and  sometimes  by 
staurolite;  also  in  eclogite.     It  is  often  associated  with  corundum. 

Found  in  transparent  crystals  at  Monte  Canipione  in  the  St.  Gothard  n'gion  in  Switzer- 
land in  paragonite  schist;  on  Mt.  Greiner,  Zillertlial,  and  in  the  Pfitschthal  {rhatUUe,  while) 
in  Tyrol;  in  eclogite  of  the  Saualpe,  Cariulhia;  HorrsjOberg  in  Wermland,  S;vei1en;  Villi 
Kicn,  Brazil,  etc. 

In  Mn$8.,  at  Chesterfield,  with  gurnet  in  mica  schist.  In  Conn.,  at  Litchfield  and 
WasbiuL^ton.  In  Vermont,  at  Tlietford.  In  Penn.,  in  Chester  Co.  and  in  Delaware  Co. 
In  Virginia,  Buckingham  Co.  In  JV.  Carolina,  with  rutile.  lazulite,  etc.,  at  Crowder*« 
Ml,  Gaston  Co.;  in  Gaston  and  Hutherford  counties  associated  with  corundum,  damourite; 
beautiful  clear  green  in  Yancey  Co.    Named  from  Kvavoi,  blue. 
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Datolite  Group.     Monoclinic. 


Basic  Orthosilicates.    HEKSiO.  or  K,R,(SiOJ,.    Oxygen  ratio  for  K :  Si  =  3 : 2. 

n  in 

R  =  Ca,Be,Fe,  chiefly;  E  =  Boron,  the  yttrium  (and  cerium)  metals,  etc. 

a  :  h  :  i  6 

DatoUte  06345  :  1  :  1-2657        89"  51' 

HCaBSiO,  or  Ca(BOH)SiO, 

Homilite  0-6249  :  1  :  1*2824        89**  21' 

Ca.FeB.Si.O,,  or  Ca,Fe(BO),(SiOJ, 

Sndase  0*6474  :  1  :  1-3330        79^  44' 

HBeAlSiO,  or  Be(A10H)SiO,  a 

Oadolinite  0*6273  :  1  :  1*3215        89**  26^' 

Be.FeY.Si.O,,  or  Be.Fe(YO),(SiO,), 

The  species  of  the  Datolite  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  all 
crystallize  in  monoclinic  system,  and  all  but  Euclase  conform  closely  in  axial 
ratio;  with  the  latter  there  is  also  a  distinct  morphological  relationship. 

DATOUTO. 

Monoclinic.    Axes hx'h'A-  0*6345  :  1  :  1-2657;  /?  =  89°  51i'. 

mm'",  110  A  110  =    64*  47.  en,    001  a  111  =  66'  67'. 

ac,        100  A  ,001  =    89'  51'.  em,  001  a  110  =  89'  S^. 

an,        100  A  101  =    45"    C.  C6,    001  a  112  =  49'  49'. 

Off,        012  A  0i2  =    64*  39i'.  nn\  111  a  111  =  59'    4i'. 

m,m/.  Oil  A  Oil  =  103'  28'.  ee',  112  a  112  =  48'  191'. 

Crystals  varied  in  habit;  usually  short  prismatic  with  either  m  or  m^  pre- 
dominating; sometimes  tabular  |  x  (201);  also  of  other  types,  and  often  highly 
modified  (Figs.  846-849).  Also  botryoidal  and  globular,  having  a  columnar 
structure;  divergent  and  radiating;  sometimes  massive,  granular  to  compact 
and  crypto-crystalline. 

846.  847. 


Bergeu  Hill. 

Cleavage  not  observed.    Fracture  conchoidal  to  uneven.    Brittle.    H.  = 
5-5*5.    O.  s=  2*9-3*0.    Luster  vitreous,  rarely  subresinous  on  a  surface  of  frao- 
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ture.  Color  white;  sometimes  grayish,  pale  green,  yellow,  red,  or  amethystine, 
rarely  dirty  olive-green  or  honey-yellow.  Streak  white.  Transparent  to  trans- 
lucent; rarely  opaque  white. 

Var.— 1.  Ordviary,  Id  glassy  crystals  of  varied  bnblt,  usually  with  a  greenlah  Unfile. 
The  angles  lu  the  prismatic  and  clinodome  zones  vary  but  litile,  e.g.,  110  A  110  =  64''  47', 
while  Oil  A  Oil  =  66*"  37',  etc.  2.  Compact  mamw.  White  opnque  cream -colored,  phik; 
breaking  with  the  surface  of  porcelain  or  Wedgewood  ware.  From  the  L.  Superior  region. 
8.  Boiryoidal;  Botryolite,  Radiated  columnar,  having  a  botryoidal  surface,  and  coutafuing 
more  water  than  the  crystals,  but  optically  identical. 

Comp. — A  basic  orthosilicate  of  boron  and  calcinm;  empirically  HCaBSiO, 
or  H,0.2CaO,B,0..2SiO,;  this  may  be  written  Ca(BOH)SiO,  =  Silica  37-6, 
boron  trioxide  21-8,  lime  35  0,  water  5*6  =  100. 

Pyr.,  etc.— In  the  closed  tube  gives  off  much  water.  B  B.  fuses  at  2  with  intumescence 
to  a  clear  glass,  coloring  the  flame  brightgreen.     Gelatinizes  with  hydrochloric  acid. 

Diff.— Characterized  by  its  glassy,  greenish,  complex  crystals;  easy  fusibility  and  green 
^amc  B  B. 

Obs.— Datollte  is  found  chiefly  as  a  secondary  mineral  in  veins  and  cavities  in  basic 
erupiive  rocks,  often  associated  with  calcite,  prehnite  and  various  zeolites;  sometimes 
associated  with  dauburite;  also  in  gneiss,  diorite,  and  serpentine;  in  metallic  veins;  bome- 


848. 
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Bergen  Hill. 


Andreasberg. 


times  in  beds  of  iron  ore.  Found  in  Scotland,  in  trap,  at  the  Eilpatrick  Hills,  etc.;  in 
a  l)ed  of  maeuetite  at  Arendal  in  Norway  {hatr^iU) ;  at  Ut5  in  Bueden:  at  Aiidrrasberg 
in  diabase  ana  iu  veins  of  silver  ores;  in  Rhenish  Mvaria  (the  humboldtUe):  at  the  Seisser  Alp, 
Tyrol,  and  at  Theiss.  near  Claussen.  in  geodes  in  amygdaloid;  in  granite  at  Baveuo  near 
Ln^o  Maggiore;  at  Toggiana  iu  Modena,  in  serpentine;  Monte  Catini  iu  Tuscany. 

In  the  U.  8.  not  uncommon  with  the  diabase  of  Connecticut  and  Massachusetts.  Thus 
at  the  Rocky  Hill  quany,  Hnrtford.  Conn.;  at  Middlefleld  Falls  and  Roaring  Brook,  Conn. 
Ill  N.  Jersey,  at  Bergeu  Hill,  in  splendid  crystals;  at  Patersou,  Paasaic  Co.  Both  crystals 
and  the  opaque  compact  variety,  in  the  Lake  Superior  region. 

Named  from  Sareia^ai,  to  divide,  alluding  to  the  granular  structure  of  a  massive 
variKy. 

Homilite  CCa.Fe),B,Si,0,o  or  (Ca,Fe)«(B0),(Si04),.  Crystals  often  tabular  |  e:  anglts 
near  those  of  datolite.  H.  =  5.  G.  =  8*88.  Color  black,  blackish  brown.  Found  on  the 
island  Stok5  and  other  islands,  in  the  Langesund  fiord,  Norway. 

Euclase.  HBeAlSiOj  or  Be(A10H)Si04.  In  prismatic  crystals.  Cleavage  :  b  010? 
porfect  II.  =  7  5.  G  =  3 '05-3 '10.  Luster  vitreous.  Colorless  to  pale  green  or  blue. 
From  Brazil,  in  the  province  of  Miua<%  Geraes;  in  the  auriferous  sands  of  the  Orenburg 
district,  southern  Ural,  near  the  river  San&rka;  in  the  Glossglockner  region  of  the  Austrian 

Alps. 

Oadolinite.  Be3FeY,SiaO,o  or  Be,Fe(YO),8i04)f.  Crystals,  often  prismatic,  rough 
and  coarse;  commoulv  iu  masses.  Cleavage  none.  Fracture  concboidal  or  tpl'nfery. 
Brittle.  H.  =  6-5-7.  G.  -  4  0-4'5;  normally  4*86-4  47  (anisotropic).  4-24-4  20  (laotropic 
and  amorphous  from  alteration).    Luster  vitreous  to  greasy.    Color  black»  greentih  black. 
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alio  browD.    From  near  Falun  and  Ttterby,  Sweden;  Hitter5,  Norway;  also  in  Llano  Co., 
Texas,  in  iiodular  masses  and  roueh  crystals,  sometimes  up  to  40  or  60  pounds  in  weight. 

The  yttrium  earths  or  "  gadoiinite-earths "  (partly  replaced  bv  ihe  oxides  of  cerium, 
lanthanum  and  didymium)  form  a  complex  group  which  coutains  cousiderable  erbium, 
also  several  new  elements  (ytterbium,  scandium,  etc.)  of  more  or  less  definite  character. 

Tttrialiia.  A  silicate  of  thorium  and  the  yttrium  metals  chiefly.  Massive;  amorphous. 
O.  =  4*576.  Color  on  the  fresh  fracture  olive-green,  changing  to  orange-yellow  on  surface. 
AiBsociated  with  the  gadolinite  of  Llano  Co.,  Texas. 

Rowlandite.  An  yttrium  silicate,  occurring  massive  with  gadolinite  of  Llano  Co., 
Texas;  color  drab-green. 

Maokintoshiia.  Silicate  of  uranium,  thorium,  cerium,  etc.  Massive.  Color  black. 
Llano  Co.,  Texas. 


Epidote  Group.    Orthorhombic  and  MoDOclinic. 

n   m  n     m  m 

Basic  Orthosilicates,  HK,R,Si,0„  or  E,(BOH)K,(SiOJ, 

II  n         ni  m     ni 

K  =  Ca,Fe;  R  =  Al,Fe,Mn,Ce,  etc. 

a.  Ortharhamhic  Section. 

tt  *  h  *  S 
ZoUite  Oa,(A10H)Al,(SiOJ,  0-6196  :  1  •  0  3429 

fi.  Monodinic  Sedion, 

SDidote         \  mCa.(A10H)Al.(SiO,).  &  :  b  :  6 

ispiaoie  ^  nCa.(FeOH)Fe.(SiO,),  1-5787  :  1  :  1-8036    64°  37' 

Piedmontite      Ca,(A10H)(Al,Mn),(SiO,),  1-6100  :  1  :  1-8326    64''  39' 

Allanite  (Ca,Fe),(A10H)(Al,Ce,Fe),(SiOJ,    1-5509  :  1  :  1-7691     64°  59' 

The  Epidote  Group  includes  the  above  complex  orthosilicates.  The 
monoclinic  species  agree  closely  in  form.  To  them  the  orthorhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono* 
clinic  orthodomes,  etc.     Thus  we  have  : 

Zoisite    fum'",  110  a  110  =  63''  34'.        Epidote    er,      001  a  101  =  68"  42'. 

uu',     021  A  021  =  68*  54'.  fum',  110  A  HO  =  70*    4',  etc. 

There  seems  to  be,  however,  a  monoclinic  calcium  compound,  having  the  com- 
position of  zoisite,  but  monoclinic  and  strictly  isomorphous  with  ordinary 
epidote;  it  is  called  clinozoisiie. 

ZOI8ITB. 

Orthorhombic.     Axes  d:h:i  =  0  6196  :  1  :  0-34295. 

mm''\  110  A  110  =  63'  34'.  jT.    Oil  A  Oil  =  87'  62'. 

dd',      101  A  101  =  57''  56'.  oo"\  111  a  111  =  38*  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldom 
distinctly  terminated.    Also  massive;  columnar  to  compact 

Cleavage:  b  very  perfect.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  6-6-5.  G.  =  3-25-3-37.  Luster  vitreous  ;  on  the  cleavage-face,  by  pearly. 
Color  grayish  white,  gray,  yellowish  brown,  greenish  gray,  apple- green ;   also 

f>each-blossom-red  to  rose-red.     Streak  uncolored.     Transparent  to  subtrans- 
ucent. 

Pleochroism  strong  in  pink  varieties.  Optically  +.  Ax.  pi.  usually  ||  b ; 
also  [  c.  Bx  J. fl.  Dispersion  strong,  p  <v;  also  p  >  v.  Axial  angle  variable 
even  in  the  same  crystal.    2Er  =  42°-90**.     fi  =  1-696;  y  ^  a  =  0-006. 


438 


DESCRIPTIVE   MIKERALOGT. 


Var. — 1.  Ordinary/,  Colors  gray  to  white  and  brown;  also  green.  Usually  In  indistinct 
prismatic  or  columnar  forms;  also  in  fibrous  aegregiites.  G.  =  8'2:ii6-3*d81.  Vnumite  is  a 
very  pure  zoisite.  2.  Roie-red  or  lyiuliie.  Fragile;  pleochroism  stroug.  8.  tompnei, 
masHve,  Includes  the  essential  part  of  most  saussurite  {e.g.,  in  saussurite-gabbro),  which 
has  arisen  from  the  alteration  of  feldspar. 

Comp,— HCa,Al,Si,0„  or  4CaO. 3 Al,0,.6SiO,. H.O  =  Silica  39-7,  alumina 
33*7,  lime  24*6,  water  2*0  =  100.  The  alumina  is  sometimes  replaced  by  iron, 
thus  graduating  toward  epidote^  which  has  the  same  general  formula. 

Pyr.,  etc. — B.B.  swells  up  and  fuses  at  8-8*5  to  a  white  blebby  mass.  Not  decomposed 
by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Qives  oil  water 
when  strongly  ignited. 

Diff. — Characterized  by  the  columuar  structure;  fusibility  with  intumescence;  resembles 
some  amphibole. 

Distiuguished  in  thin  sections  by  its  high  relief  and  very  low  interference-colors;  lack 
of  color  and  biaxial  character.  From  epidote  it  is  distiuguished  by  its  lack  of  color  aud 
low  birefringence;  from  vesuvianite  by  its  color  and  biaxial  character.  Thin  sections  fre- 
quently show  the  ** ultra  blue"  (p.  428)  between  crossed  nicols. 

Obs.— Occurs  especially  in  those  crystalline  schists  which  have  been  formed  by  the 
dynamic  nietamorphism  of  basic  igneous  rocks  containing  plagioclase  rich  in  lime.  Com* 
monl^  accompanies  some  one  of  the  amphiboles  (actinolite,  smaragdite,  glaucophaue,  etc.); 
thus  m  amphibolite,  glnucophane  schist,  eclogite;  often  associated  with  corundum. 

The  original  zoisite  is  that  of  the  eclogite  of  the  Saualpe  in  Carinthia  {Mualpite),  Other 
localities  are:  Kauris  in  Salzburg;  Sterzing,  etc..  in  Tyrol;  the  Fichtelgebirge  in  Bavaria; 
Marschendorf  in  Moravia;  Satisthal  in  Switzerland;  the  island  of  Syra,  one  ot  the  Cyclades, 
in  glaucophane  schist.  IViulite  occurs  at  Eleppan  in  Tellemarken,  Norway,  and  at  Tra- 
versella  in  Piedmont. 
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BPIDOTE.    Pistacite.    Pistazit,  Qtrm, 

Monoclinic.    Axes  a  \%\b  —  1*5787 

110  A  liO  =  109"  56'. 
001  A  100  =  64**  87'. 
001  A  101  =  84*  48'. 
001  A  101  =  63'  42'. 
100  A  101  =    51'  41'. 


.  :  1-8036;  /8=64*37', 

c/,   001  A  201  =  89*  26'. 

CO,  001  A  Oil  =  68,  28'. 

en.  001  A  ill  =  75*  11'. 
an"\  100  A  Hi  =  69*  2'. 
nn"',ill  A  Hi  =  70*29'. 


Twins:  tw.  pi.  a  common,  often  as  embedded  tw.  lamellsB.   Crystals  usually 
prismatic  |  the  ortbo-axis  %  and  terminated  at  one  extremity  only;  passing 


860. 


852. 


863. 


851. 


into  acicular  forms;  the  faces  in  tbe  zone  ac  deeply  striated.  Alaofibroos, 
divergent  or  parallel;  granular,  particles  of  various  siiesy  aometimei  fine 
granular,  and  forming  rock-masses. 
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Cleavage:  c  perfect;  a  imperfect.  Fracture  uneven.  Brittle.  BL  =  6-7. 
O.  =  3*25-3*5.  Luster  vitreous;  on  c  inclining  to  pearly  or  resinous.  Color 
pistachio-green  or  yellowish  green  to  brownish 
green,  greenish  black,  and  black;  sometimes 
clear  rea  and  yellow;  also  ^ray  and  grayish 
white,  rarely  colorless.  Streak  uncolored,  grav- 
ish.  Transparent  to  opaque:  generally  sub- 
translucent. 

Pleochroism  strong:  vibrations  ||  c  green,  b 
brown  and  strongly  absorbed,  a  yellow.  Absorp- 
tion usually  b  >  c  >  a  ;  but  sometimes  c  >  b  > 
a  in  the  variety  of  epidote  common  in  rocks. 
Often  exhibits  idiophanous  figures;  best  in  sec- 
tions normal  to  an  optic  axis,  but  often  to  be  ob- 
served in  natural  crystals  (Sulzbach),  especially 
if  flattened  |  r  (lOl).  (See  p.  218.)  Optically  -. 
Ax.  pi.  I  b.  Bx.^r  A  <J  =  -  2°  56'.  Hence  c±a  (100)  nearly.  Dispersion 
inclined,  strongly  marked;  of  the  axes  feeble,  p>  v.  2Hg^y  =  91°  20'. 
/Sj  =  1*75702.      Birefringence  high,  y  ^  a  =  0038  —  0*056. 


Var.— Epidote  has  ordinarily  n  peculiar  yellowish  green  (pistachio)  color,  seldom  found 
in  other  minerals.  But  this  color  pusses  iulo  dark  Hud  li^^ht  shades — black  on  one  side  and 
brown  on  the  other;  red,  yellow  nnd  colorless  varieties  also  occur. 

Var.  1.     Ordinary.    Color  ereeu  of  some  shade,  as  described,  the  pistachio  tint  rarely 


lowish-green  crystals,  sometimes  transparent,  Puschkinite  includes  crysuils  from  the  aurif- 
erous sands  of  Ekaterinburg.  Urnl.  Achmntite  is  ordinary  epidote  from  Achmatovsk,  Ural. 
A  variety  from  Garda,  Hostc  Is..  Terra  del  Fuepo,  is  colorless  and  resembles  zoisite. 

2.  The  Bitekltmdite  from  Achmatovsk,  described  by  Hermann,  is  black  with  a  tinge  of 
green,  and  diflfers  from  ordinary  epidote  in  having  the  crystals  nejirlv  symmetrical  and  not, 
nke  other  epidote,  lengthened  in  the  direction  of  tlie  orthodiagonaf.     G.  =  8  51. 

3.  WitttamiU.  Carmine-red  to  straw-yellow,  strongly  pleocbroic:  deep  crimson  and 
slmw-yellow,  H.  =6-6  5;  G  =  3'187;  in  small  radiated  groups.  From  Glencoe,  in  Argyle- 
shire,  Scotland.     Sometimes  referred  to  piedmontite,  but  contains  little  MnO. 

Comp.— HCa,(Al,Fe).Si.O,.  or  H,0.4Ca0.3(Al,Fe,),0,.6SiO„  the  ratio  of 
aluminium  to  iron  varies  commonly  from  6  :  1  to  3  :  2.  Percentage  composi- 
tion: 

For  Al :  Pe  =  8  : 1   SiO,  37  87,  Al.Os  2413,  Fe,0, 1260,  CaO  23  51,  HaO  1-89  =  100 

ClinoioMs  is  an  epidote  without  iron,  having  the  composition  of  zoisite;  fouqueite  is 
probably  the  same  from  an  anorthite-gneiss  in  Ceylon.  Picroepidote  is  supposed  to  contain 
Mg  in  place  of  Ca. 

Pyr.,  etc. — In  the  closed  tube  gives  water  on  strong  ignition.  B  B.  fuses  with  intumes- 
cence at  3-3  5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid,  Decomposed  on  i^usion  with  alkaline 
carbonates. 

Diff. — Characterized  often  by  its  peculiar  yellowish -green  (pistachio)  color:  readily  fusi- 
ble and  yields  a  magnetic  globule  B  B.  Prismatic  forms  often  longiiudinally  striated,  but 
they  have  not  the  angle,  cleavage  O'  briTtlen<ss  of  tremolite;  tourmaline  hns  no  distinct 
cleaVlige,  is  less  fasible  (in  common  forms)  and  usually  sliows  iis  hexagonal  form. 

Keoogiifzed  in  thin  sections  by  its  high  refraction;  stnmg  interference-colors  rising  into 
those  of  the  third  order  in  ordinary  sections;  decided  color  and  striking  pleochroism;  also 
by  the  fad  thai  the  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of  the 
enrstals. 
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Obs. — Epidote  is  commoDly  formed  by  Uic  meUiniorphism  (both  local  igneous  and  of 
geuerul  dyDaniic  cbamcter)  of  impure  calcareous  sedimeutary  rocks  or  igueous  rocks  cou- 
taining  much  lime.  It  thus  ofteu  occurs  iu  gueissic  rocks,  mica  schist,  amphiljole  schist, 
serpenline;  so  also  in  quartzites  uud  sandstones  altered  by  neighboring  ieueous  rucks. 
Ofteu  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Has  also  been  found  in 
granite  (Hobbs,  Maryland),  aud  regarded  as  an  original  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actinolite,  axinite.  chlorite,  etc.  It  some- 
times forms  with  quartz  an  epidote  rock,  called  epido$ite.  A  similar  rock  exists  at  Mel- 
bourne in  Canada.  A  giieissoid  rvick  consisting  of  flesh*colored  orthoclase,  quartz  aud 
epidote  from  the  UnakaMts.  (N.  C.  and  Tenn.)  has  been  called  unakyte. 

Beautiful  crvstallizations  come  from  Bourg  d'Oisans,  Dauphine;  the  Ala  valley  and 
Travcrsella,  in  Fiedmont;  Elba;  Zermatt:  Zillerthal  in  Tyrol;  also  in  flue  crystals  from  the 
Enappenwand  in  theUntcrsulzbachthal,  Pinzgnu,  associated  with  asbestus,  adularia,  apa- 
tite, titanite,  scheelite;  further  iit  Striegiiu,  Silesia;  ZOptau,  Moravia;  Arendal,  Norway;  the 
Achmatovsk  mine  near  Zlaiuus^i,  Ural. 

In  N.  America,  occurs  in  JV,  Hamp.,  at  Frauconia.  In  Mtus.,  at  Hadlyme  and  Chester, 
in  crystals  in  gneiss;  at  Athol,  in  syenitic  gneiss,  in  fine  crystals,  2  m.  S.  W.  of  the  center 
of  the  town:  Newbury,  in  limestone.  In  Conn.,  at  Haddam,  in  large  splendid  crystals. 
In  N»  York,  near  Amity;  Monroe,  Orange  Co.;  Warwick,  Mle  yellowish  green,  with  titanite 
and  pyroxene.  In  N.  Carolina,  at  Hampton's,  Yancey  Co. ;  White's  mill.  Gaston  Co.;  Frank- 
lin, Macon  Co.;  in  crystals  and  crystalline  masses  in  quartz  at  White  Plains,  Alexander 
Co.     In  Michigan,  in  the  Lake  Superior  region,  at  many  of  the  mines. 

Epidote  was  named  by  HaUy,  from  the  Greek  eniSoati,  increase,  translated  by  him, 
"qui  ft  re^u  un  accroissement,"  the  base  of  the  prism  (rhomboidal  prism)  having  one  ride 
longer  than  the  other.  Pistacite,  from  irtaraKia,  the  pistachio-nut,  refers  to  the  color. 

Piedmontite.  Similar  in  angle  to  ordinary  epidote.  but  contains  5  to  15  p.  c.  Mit«Os. 
H.  =  6*5.  G.  =  3*404.  Color  reddish  brown  and  reddish  black.  Pleochroism  strong. 
Absorption  a  >  b  >  c.  Optically  +.  Ax.  pi.  |  b.  Bx..,  A  ^  =  +  82"  34'.  a  a  ^  =  —  o* 
to  —  S"".  Occurs  with  manganese  ores  at  St.  Marcel,  Piedmont.  In  cr^'stalline  schists  on 
He  de  Groix,  France;  in  glaucophane-schist.  in  Japan.  Occasionally  in  quartz  porphyry, 
as  in  the  antique  red  porphyry  of  Egypt,  also  that  of  South  Mountain,  Penn. 

ALLANITB.     Orthite. 

Monoclinic.  Axes,  p.  437.  In  angle  near  epidote.  Crystals  often  tabu- 
lar I  a ;  also  long  and  slender  to  acicular  prismatic  by  elongation  |  axis  h. 
Also  massive  and  in  embedded  grains. 

Cleavage:  a  and  c  in  traces  ;  also  ni  sometimes  observed.  Fracture  uneven 
or  subconchoidal.  Brittle.  H.  =  55-6.  G.  =  3*0-4'2.  Luster submetallic, 
pitchy  or  resinous.  Color  brown  to  black.  Subtranslucent  to  opaque.  Pleo- 
chroism strong  :  c  brownish  yellow,  b  reddish  brown,  a  greenish  brown.  Opti- 
cally — .  Ax.  pi.  II  b,  Bxa  A  i  =  32i°  approx.  /3  =  1-682.  Birefringence 
low;  y  —  a  =  0*032.  Also  isotropic  ana  amorphous  by  alteration  analogous 
to  gadolinite. 

Vax.—AUanite.  The  original  mineral  was  from  East  Greenland,  in  tabular  crystals 
or  plates.  Colo  black  or  brownish  black.  G.  =  8-60-8'95.  Bucklandite  is  anhydrous 
allunile  in  small  black  crystals  from  a  magnetite  mine  near  Arendal.  Norwav.  Bagration- 
iie  occurs  in  black  crystals  which  are  like  the  bucklandite  of  Achmatovsk  (epidote). 

Orthite  included,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  containing 
some  water,  from  Finbo.  near  Falun,  Sweden.  But  these  graduate  into  massive  forma,  and 
some  orthites  are  anhydrous,  or  as  nearly  so  as  most  allanite.  The  name  is  from  ofAoi. 
straight.  „„j  ^ 

Comp.— Like    epidote    HRR,Si.O,.  or  H,0.4R0.3R,0..6SiO,  with  R  =  Ca 

and  Fe,  and  R  =  Al,Fe,  the  cerium  metals  Ce,  Di,  La,  and  in  emaller  amounts 
those  of  the  yttrium  group.  Some  varieties  contain  considerable  water,  but 
probably  by  alteration. 

Pyr. .  etc.— Some  varieties  give  much  water  in  the  closed  tube,  and  all  kinds  yield  a  «b»!1 
amount  on  strong  ignition.    B.B.  fuses  easily  and  swells  up  (F.  s=  2*6)  to  a  darl^  bli 
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magnetic  glass.  With  the  fluxes  reacts  for  iron.  Most  varieties  gcltitiuize  with  bydrochlorfc 
acid,  but  if  previously  ignited  are  not  decomposed  by  acid. 

Obi. — Occurs  in  albitic  and  common  feldsputhic  gmnite,  gneiss,  syenite,  zircon -syenite, 
porphyry.  Thus  in  Greenland  ;  Norway  ;  Sweden  ;  Btriegau,  Silesia.  Also  in  white  lime- 
stone as  at  Auerbach  on  the  Bergstrasse ;  often  in  mines  oi  magnetic  iron.  Rather  common 
as  an  accessory  constituent  iu  many  roclcs,  as  in  andesite,  diorite,  dacite,  rhyolite,  the  tonalite 
of  Mt.  Adamello,  the  scapolite  rocl&s  of  Odegaarden,  Norway,  etc.  Sometimes  inclosed  as 
a  nucleus  in  crystals  of  the  isomorphous  species,  epidote. 

At  Vesuvius  in  ejected  masses  with  8auidine,sodalite,  nephelite,  hornblende,  etc.  Simi- 
larly in  trachytic  ejected  masses  at  the  Laacber  See  (bueklandite). 

In  Moat.,  at  tbe  Bolton  quarry.  In  N.  York,  Moriah,  Essex  Co.,  with  magnetite  and 
apatite  ;  at  Monroe,  Orange  Go.  In  N.  Jersey,  at  Franklin  Fumance  witb  feldspar  and  mag- 
netite. In  Penn,,  at  8.  Mountain,  near  Bethlehem,  in  laree  crystals  ;  at  £.  Bradford  ;  near 
Eckbardt's  furnace,  Berks  Co.,  abundant.  In  Virginia,  in  Targe  masses  in  Amherst  Co.;  also 
in  Bedford,  Kelson,  and  Amelia  counties.  In  N,  Carolina,  at  many  points.  At  the  Devil's 
Head  Mt.,  Doughis  Co.,  Colorado. 


Triclinic.     Axea  df :  J  :  (5  =  04921  :  1  :  04797  ;  a  =  82**  54',  /8  =  91°  52', 
a  13^  32'. 
856. 


866. 


867. 


M 


<;     m 


Dauphin^.  Poloma.  Bethlehem,  Pa. 

am,  100  A  100  =  15"  84'.  Mr,  110  A  ill  =  45*  16'. 

aM,  100  A  liO  =  28**  65'.  mr,  110  A  111  =  64**  22'. 

as,  100  A  201  =  2V  37'.  ww,  110  a  201  =  27'  57'. 

CrystalB  usually  broad  and  acute-ed^ed,  but  varied  in  habit.  Also  massive, 
lamollar,  lamellsB  often  curved  ;  sometimes  granular. 

Cleavage  :  b  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6*5-7.  G.  = 
3-271-3-294.  Luster  highly  glassy.  Color  clove-brown,  plum-blue,  and  pearl- 
gray  ;  also  honey-vellow,  ^eenish  yellow.  Streak  uncolored.  Transparent  to 
subtranslucent.  Fleochroism  strong.  Optically  — .  Ax.  pi,  and  Bx^  approxi- 
mately ±  X  (111).  Axial  angles  variable.  2H^r  =  87°  30'  ;  /3^  =  1-678. 
Pyroelectric  (p.  234). 

Comp. — A  boro-silicate  of  aluminium  and  calcium  with  varying  amounts  of 
iron  and  manganese.  Perhaps  H,R,(BO)Al.(SiO,).  (Whitfield.)  R  =  Cal- 
cium  chiefly,  sometimes  in  large  excess,  again  m  smaller  amount  and  manga- 
nese prominent ;  iron  is  present  in  small  quantity,  also  magnesium  and  basic 
hydrogen. 

Analyses.    1,  yThitfleld  :  2,  Oenth. 

G.     SiO,    B,0,  A1,0,  Fc,0,  PeO    MnO  CaO    MgO     Ijrn. 
1.  Bouigd'Oisana  41-58    4*62    1790    390    402      8*79  2166    0  74    216  =  100*82 

H.  FrftDkliD. «ri»<- 8*868  42*77    510    16-78    103    l-60»  18  69  18-25    028    076=100-16 

•ZdO.  inchiding  012  CiiO. 

r,»  alo.— B.B.  fuses  readily  with  intumesceoce,  imparts  a  pale  green  color  to  the  O.F,, 
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and  fuses  at  2  to  a  dark  green  to  black  glass  ;  with  bornx  in  O.F  gives  an  amethystiDe 
bead  (manganese),  which  iu  R.F.  becomes  yellow  (iron).  Fused  with  a  mixture  of  bisulphate 
of  potash  and  fluor  on  the  platinum  loop  colors  the  flame  green  (boric  acid).  Not  decom- 
posed by  acids,  but  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

Obs,— Axinite  occurs  in  clove-brown  crystals,  near  Bourg  d'Oisans  in  Dauphin^  :  at 
Andreasberg  ;  Striegau,  Silesia  ;  on  Mt.  Skopi,  in  eastern  Switzerland  ;  Elba  ;  at  the  silver 
mines  of  Kungsberg,  Norway  ;  Nordmark,  Sweden  ;  near  Miask  in  the  Ural  ;  in  Cornwall, 
of  a  dark  color,  at  the  Botnllack  mine  near  St.  Just,  etc. 

In  the  U.  S.,  at  Phippsburg,  Maine  ;  Franklin  Furnace,  N.  J.,  honey -yellow  ;  at  Beth- 
lehem, Pa. 

Named  from  d^irtf,  an  axe,  in  allusion  to  the  form  of  the  crystals. 


Orthorhombic-hemimorphic.     Axes  &  :h  :  i  =  0*8401  :  1 :  0*5549. 

Distinct  individual  crystals  rare;  usually  tabular  ||  c\  sometimes  prismatie 
mm"'  =  80°  4';  again  acute  pyramidal.  Commonly  in  groups  of  tabular 
crystals,  united  by  c  making  broken  forms,  often  barrel-shaped.  Reniforni, 
globular,  and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly 
columnar  or  lamellar,  strongly  coherent;  also  compact  granular  or  impalpable. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  U.  =  6-6*5.  G.  =  2'80- 
2  95.  Luster  vitreous;  c  weak  pearly.  Color  light  green,  oil-green,  passing  into 
white  and  gray;  often  fading  on  exposure.  Subtransparent  to  translucent. 
Streak  uncolored. 

Comp. — An  acid  orthosilicate,  H,Ca,Al,(SiOJ,  =  Silica  43*7,  alumina  24-8, 
lime  27-1,  water  4*4  =  100. 

Prehnite  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated ;  the 
water  here,  however,  has  been  sbown  to  go  off  only  at  a  red  heat,  snd  hence  plays  a  differ- 
ent part. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  tea 
blebby  enamel-like  glass.  Decomposed  slowly  ly  hydrochloric  acid  without  gelatinizing; 
after  fusion  dissolves  readily  with  gelatinizution. 

Diff.— B.B.  fuses  readily,  unlike  beryl,  green  quartz,  and  chalccdcny.  Its  hardness  is 
greater  than  that  of  tbe  zeolites. 

Obs. — Occurs  chietly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  mineral 
in  veins  and  cavities,  often  associated  with  some  of  the  zeolites,  al.'O  datolite,  pectolite, 
calcite,  but  commonly  one  of  the  first  formed  of  tbe  scries;  alsu  less  often  in  granite,  gneiss, 
syenite,  and  then  frequently  associated  with  cpidote;  sometimes  associated  with  native 
copper,  as  in  the  L.  Superior  region. 

At  St.  Cbrisfophe,  near  Bourg  d'Oisans  in  Dauphin^;  Fassathal,  Tyrol;  the  Ala  valley 
in  Piedmont  ;  in  the  Harz,  near  Andreasberg ;  in  gnuiite  at  Striegau,  Silesia;  Arendal, 
NorwHv;  -<Edelfors  in  Sweden  {edeliU)\  at  Corstorphine  Hill,  near  Edinburgh;  Moume  Mts., 
Irelnna. 

In  tlio  United  States,  finely  crystallized  at  Farmington,  Conn.;  Paterson  and  Bergen 
Hill.  N.  J.:  in  syenite,  at  SomerviUe,  Mass.;  on  north  shore  of  Lake  Superior,  and  tbe 
copper  reirion. 

Named  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Good  Hoim?. 

Harstigite.  An  acid  orthosilicate  of  manganese  and  calcium.  In  small  colorless  pris- 
matic crystsla.  H.  =  5*5.  G.  =  8-049.  From  the  Harstig  mine,  near  Pajsberg,  Werm- 
land.  Swcd^'u. 

Cuspidine.  Contains  silica,  lime,  fluoHne,  and  from  alteration  carbon  dioxide;  formula 
doubtful.  In  minute  spear-shaped  crysUils  H.  =  5-6.  G.  =  2  868-2-860.  Color  pale 
rose-red.     From  Vesuvius,  in  ejected  masses  in  the  tufa  of  Monte  Somma. 


rv.  Subsilicates. 


The  species  here  included  are  basic  salts,  for  the  most  part  to  be  referre«i 
'pither  to  the  metasilicates  or  orthosilicates,  like  many  basic  compounds  alrradv 
included  in  the  preceding  pages.    Until  their  constitution  is  definitely  settled  , 
^owevery  they  are  more  conveniently  grouped  by  themselves  as  SuBSiucATis^i 
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It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  bases 
of  2  :  3,  like  topaz,  andalusite,  sillimanite,  datolite,  etc.,  also  calamine,  car- 
pholite,  and  perhaps  tourmaline,  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid,  H.SiO^. 

The  only  prominent  group  in  this  subdivision  is  the  Humite  Group. 

H 11  mite  Group* 

a:  t :  d  /3 

Prolectite        [Mg(F,OH)],Mg[SiO,],?    Monoclinic         I'OSOS:  1:1 -8861     90^ 

Chondrodlte    [Mg(F,OH)l,Mg,[SiO,],    Monoclinic         10863: 1:3-1447     90^ 

Humite  [Mg(F,OH)],Mg,[SiOJ,     Orthorhombic     1-0802: 1:' 4*4033     - 

Clinohumite    [Mg(F,OH)],Mg,[SiOJ,     Monoclinic  1-0803:1:5-6588     90° 

The  species  here  included  form  a  remarkable  series  both  as  regards  crys- 
talline form  and  chemical  composition.  In  crystallization  they  have  sensibly 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almost  exactly 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  below).  Furthermore,  though 
one  species  is  orthorhombic,  the  others  monoclinic,  tney  here  also  correspond 
closely,  since  the  axial  angle  /3  in  the  latter  cases  does  not  sensibly  aiffer 
from  90**. 

In  composition,  as  shown  by  Penfield  and  Howe  (also  Sjogren),  the  last 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  group 
(MgF)  or  (MgOH)  enters,  while  the  Mg  atoms  present  are  in  the  ratio  of  3 : 5 : 7. 
The  composition  given  for  Prolectite  is  theoretical  only,  being  that  which 
would  be  expected  from  its  crystallization.  In  physical  characters  these 
species  are  very  similar,  and  several  of  them  may  occur  together  at  the  same 
locality  and  even  intercrystallized  in  parallel  lamellae. 

The  species  of  the  group  approximate  closely  in  angle  to  chrysolite  and  chrysoberyl. 
The  axial  ratios  may  be  compared  as  follows: 

Prolectite d:    t:J<^  =  l  -0803  :  1 :  0  6287 

Chondrodite d:    t:ic  =  10863:  1.0  6289 

Humite 5:    d:  4  <l  =  10802  :  1  :  06291 

Clinohumite d:    t:  4  c  =  10808:  1 :  06288 

Clirysolile b:2d:     h=  10735:  1:0  6296 

Chrysoberyl 5  :  2d  :     h^  10637  :  1 :  06170 

OHONORODITB— HUMITB— OUNOHUMITE. 

Axial  ratios  as  given  above.  Habit  varied,  Figs.  858  to  866.  Twins 
common,  the  twinning  planes  inclined  60°,  also  30°,  to  c  in  the  brachydome 
or  clinodome  zone,  hence  the  axes  crossinsf  at  angles  near  60°;  often  repeated 
as  trillings  and  as  polysynthetic  lamellae  (cf.  Fig.  556,  p.  226).  Also  twins,. 
with  c  (001)  as  tw.  plane.   Two  of  the  three  species  are  often  twinned  together. 

Cleavage:  c  sometimes  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6-6*5.  G.  =  3'l-3*2.  Luster  vitreous  to  resinous.  Color 
white,  light  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red      Pleochroism  sometimes  distinct.     Optically  +. 

Chondrodite.  AbsorplioD  a  >  c  >  b.  Optically  -f .  Ax.  pi  and  Bx,  i  6.  Bvo  A  ^  = 
a  A<^  =  4- 'S'SS*  Brewster:  28*56'  Kiifvellorp;  SO**  approx.,  Mte.  Sorama.  y5=l'619; 
r  -  'f  =  0082.    2H.  ,  =  Se**  to  89". 

Humiis.     Ax.  pi.  \e.    Bx  i  a.    y  -  a  =  0035. 

CUnohumiU.  Ax.  pi.  and  Bx,  x  b.  Bx©  Ai  =  aA^  =  -f  ll'-12';  7^  approx.,  Brew- 
Her.    2H«.f  =s  85*. 
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FIga.  8S8,  85V,  OhondrodiU,  Brewster,  If.  T. 

i  (013),     «,  (108).     0,  (101).   r,  (137),   r,  (133),     r,  (ISO), 

861.  862. 


ChimdTodite,  Sweden. 
n.(lll). 


Figs.  861,  80S.  ChondrodiU,  Mie,  Bomma. 
Symbols  see  above. 
8S4. 


HumiU,  Sweden. 

«h  (310).  <-,  (0131.  t,  (018). 

866. 


CtiTuAvmiU,  Mie.  Bom  mi. 

e.(101).  r,(i37).  r,(i33). 


HumiU.  Vesuvius.  CtinoJmmiU,  Brewster. 

e,(01I).     r,(3110).     r,(316),  ii(014>,  i,(018),  <,(108). 

r.(i[3),    n,(n%).    n,(lll).  r,  (125),     r'.{\i\). 

Corop. — Basic  fluosilicates  of  nrngDesmm  with  related  fonnulas 
in  t!ie  tiible  above.     Hydroxyl  replac 
takes  t)ie  place  of  niagneslum. 

Aualyses  by  Fenfield: 


I  fihown 
I  part  of  the  fluorine,  and  iron  often 


'' 

810, 

MgO 

PeO 

P 

H,0 

38-67 

S4TO 

6-M 

6-80 

8»  =  108-85 

Hte.  Somma 

83  87 

M-^fl 

8« 

BIB 

a  83  =  101  86 

HvmiU. 

84  63 

56  4S 

885 

808 

8-45  =  100-96 

88  08 

MW 

4-88 

a-« 

1-M«100« 
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Pjr.,  ato. — B,B.  Infusible;  some  Torietlea  blacken  and  tbea  burn  while.  Fused  yrhh 
potusliim  blaulphue  in  the  closed  tube  gives  a  teoctlon  for  fluorine.  Wlib  tbe  fluies 
a  reaction  for  Iron.  Oel&linizea  with  acids.  Heated  with  sulpbuilc  ucld  gWes  oS  silicon 
fluoride. 

Obe. — Chondrodlle,  bumite,  aod  clinobunilte  all  occur  at  Vesuvius  In  tbe  ejected  mosses 
both  of  limeaione  or  feldspatblc  type  found  on  Honie  Somms.  Tbey  are  associated 
wltb  chrysolite,  blotlte,  pyroxene,  magnetite,  spinel,  vesuviauite,  calcite,  eic:  also  less 
often  with  sanldine,  melonite,  nepUelite.  Of  tbe  three  species,  Ijumilc  is  tbe  rarest  and 
cllnohumite  of  most  frequent  occurreoce.  Tliey  seldom  all  occur  together  In  the  same 
mnaa,  and  only  rarely  two  of  the  species  (as  humile  and  clinoLumiie)  appear  logtlber. 
OccasloDBlly  cltnohuoiitG  In  terpen  etrntes  crystals  of  humite,  aud  parallel  iDlergrowlhs  with 
chrysolite  have  bIho  been  observed. 

Chondroditt  occurs  st  Htc.  Bomma,  as  above  noted ;  at  Pergns.  Finland,  honey-yellow 
Id  llmesloae;  at  Kafveltorp.  Nya-Eopparberg.  Sweden,  associated  with  cLsJcopyrile, 
galena,  sphalerite.     At  Brewster,  N.  T.,  at  the  Tilly    Foster  r  sgnetic  Iron  mine  in  deep 

5 amet-red  crystals.  Also  probably  at  numerous  points  where  the  occuirtnce  of  "  (hon- 
rodite"  has  been  reported. 

HumUt  also  occurs  at  tbe  I^du  mine  near  FiUpstadt,  Swedrn.  with  magnetite  In  cija- 
talline  llmesloDe.  In  crystalline  limestone  with  clinobiimlte  In  Andalusia.  Also  In  large, 
coarse,  partly  altered  crystals  at  the  Tilly  Foster  irim-uiiiie  at  Brewtter,  N.  Y. 

CUnehumil*  occurs  at  Hte.  Bomma  and  in  Andalueia;  In  [ryslalllne  limestone  near 
L.  Baikal  in  East  Siberia:  at  Brewster,  N.  Y.,  in  rare  but  highly  modified  crysials. 

J\oUel*U  is  from  the  Eo  mine,  Nordmark.  Swiden;  vtry  tare;  imperfectly  known. 

Numerous  other  localities  of  "  chondrodlle  "  have  bten  noted.  cLiefiy  in  cryslalllne 
limeatone;  most  of  them  are  probably  to  be  leferrtd  to  tbe  tpeciis  cbondrodite,  but  Ihe 
Identity  in  many  cases  Is  yet  to  l>e  pioved.  At  Biewsler  Isige  quentilies  of  maFslve 
"chondrodlle"  occur  iissocialed  with  niaguelile,  (nttntlte,  ripldolite,  and  fiom  Its  extensive 
alteration  serpentine  has  bten  formed  on  a  laiee  trale.  Tbe  granular  mineral  is  (ommoD 
in  limestone  in  Sussex  Co  ,  N.  J.,  and  Orange  Co.,  N.  Y.,  SEiocialed  ^rilh  spinel,  and  occa- 
aloDally  with  pyroxene  and  cuiuuduni.  Aho  in  Mau.,  at  Chelmsford,  with  scapolile; 
at  South  Lee,  In  limesloue.  In  Canada,  In  limestone  at  &L  Jeiome,  Grenvllle,  etc., 
abundant. 

The  name  choudrodlte  is  from  j;Jf4f]oS.  0  grain,  alluding  to  tbe  granular  structure, 
Humite  Is  from  Sir  Abrabam  ilume. 


f^Bi] 


IZ.VAITB.    Llevrite.     Tenlte. 
Orthoi-hombic.     Axes  iiihi  =  0-6665 : 1 : 04427. 
Ml  mm",  no  A  liO  =  87°  2V.  rr',    101  A  lOl  =  67*  11'. 

«',       120  A  120  =  73*  45'.  «/.    Ill  a  III  =  62°  88*. 

Oommonly  in  prisma,  with  priamatic  facea  vertically  striated. 
GoluiTiDar  or  compact  maasive. 

Cleavage:  b,  c  rather  distinct.  Fracture  iiDeven,  Brittle. 
H.  =  5'5-6.  G.  —  3-99-4'05.  Luster  sub  metal  lie.  Color  iron- 
black  or  dark  grayiah  black.  Streak  black,  inclining  to  green  or 
brown.     Opaque. 

Comp.— CaFe,(FeOH)(Si0.1,    or    H,O.Ca0.4FeO.Fe,0,-4SiO, 
"iuS^ry/   =  Silica  29-3,  iron   seaquioiide  ID'C,   iron  protoxide  35-2,  lime 
^^-^^^    IS-?,  water  2-2  =  100.     Manganese    may    replace    part    of    the 
ferrons  iron. 

Pyr.,  etc.— B.B.  fuses  qulelly  at  3'5  to  a  black  magnetic  bead.  Wlib  (he  fluxes  reacta 
for  Iron.  Some  varieties  give  also  a  reaction  for  manganese.  Gelatinizes  with  hydro- 
chloric acid. 

Obs— Found  on  Elba  la  dolomite;  on  Mt.  Mulatto  near  Predozzo,  Tyrol,  In  granite; 
Scbneeberg,  Saxony;  Fossum,  In  Norway.  Reported  as  formerly  found  at  Cumberland, 
R.I.;  also  at  Milk  Row  quarry,  Somervl  lie.  Mass.  Named  Rviii»  from  the  Lo tin  name  of 
the  island  (Elba). 

Ardranlta.  Dewalqtilte.  A  vanadlo-slllcate  of  aluminium  and  manganese,  also  con- 
taining anenlc.  In  prismatic  cnrstals  resembling  Uvalte.  H.  =  9-7.  G.  =  S'SSO.  Yellow 
to  reltowUh  brown.    Found  at  Salm  ChSteau  In  the  Ardennes,  Belgium. 
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iJingbanite.  Manganese  silicate  \vith  ferrous  autimouate;  formula  doubtfuL  In  iron- 
bliick  liexHgonal  prismatic  crystals.  H.  =  6*5.  G.  =  4*918.  Luster  metallic.  From 
L&ngban.  Sweden. 

The  following  are  rare  lead  silicates.    See  also  p.  408. 

KentroUte.  Probably  8Pb0.2MnsOs.8SiOs.  In  minute  prismatic  crystals ;  often  in 
sbeaf-like  forms;  also  massive.  H.  =  5.  G.  =  6  19.  Color  dark  reddisb  brown;  black 
on  the  surface.     From  southern  Chili;  L&ngban,  Sweden. 

Melanotekite.  3Pb0.2Fe,0,.8SiO,  or  (Fe40s)Pb,(Si04)i  Warren.  Ortborhombic;  pris- 
matic Massive;  c1<  avable.  H.  =  6-5.  G.  =  5 "78.  Lusitr  metallic  to  greasy.  Color  black 
to  blackish  gray  Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  rcfrembliug 
keiitrolite  at  Hillsboro,  New  Mexico. 

Bertrandite.  H36e4SiiO0  or  H30.4ne0.28iOs.  Ortborhombic-bemimorpbic.  In  small 
tabular  or  prismatic  crystals.  H.  =  6-7.  G.  =  2  59-2-60.  Colorless  to  pale  yellow. 
Usually  occurs  in  feldspaihic  veins,  often  witb  otber  beryllium  minerals  as  a  result  of  the 
alteration  of  ))eryl.  At  tbe  quarries  of  Barbin  near  Nantes,  France;  Pisek.  Bohemia;  Mt 
Antero,  Chaitee  Co.,  Colo  ,  witb  phenacite;  Stoueham,  Me.;  Amelia  Court-Uouse,  Ya. 

OALAMINB.     Smithsonite.     Hemimorpbite.    Eieselziiikerz,  Galmei  pt.  Ocrm, 
Ortborhombic-liemiraorphic.    Axes  df  :  5  :  (J  =  07834  :  1  :  0-4778. 
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869. 


870. 
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110AliO=  76''  O'. 
101  A  lOl  =  62"  46'. 
301  A  301  =  122"  41'. 
Oil  A  Oil  =  51'  5'. 
081  a031  =  110M2'. 
121  A  121  =    78"  26'. 


Crystals  often  tabular 
I  h  ;  also  prismatic  ;  faces  b 
vertically  striated.  Usually 
implanted  and  sbowing  one 
extremity  only.  Often  grouped  in  sbeaf-like  forms  and  forming  drusy  sur- 
faces in  cavities.  Also  stalactitic^  mammillary,  botryoidal,  and  fibrous  forms; 
massive  and  granular. 

CleHvage:  m  perfect;  s  (101)  less  so;  c  in  traces.  Fracture  uneven  to  sub- 
conchoidal.  Brittle.  H.  =  4*5-5,  tbe  latter  wben  crystallized.  Q.  =  3'40-3"50. 
Luster  vitreous;  c  subpearly,  sometimes  adamantine.  Color  white;  sometimes 
with  a  delicate  bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak 
white.     Transparent  to  translucent.     Strongly  pyroelectric 

Comp.— lI,ZnSiO.  or  (ZnOH),SiO,  or  H,0.2ZnO.SiO,  =  Silica  25-0,  zinc 
oxide  (57*5,  water  7*5  =  100.  The  water  goes  off  only  at  a  red  heat;  un- 
changed at  340°  C. 

Pyr.,  etc. — In  tbe  closed  tube  decrepitates,  whitens,  and  gives  off  water.  B.B.  almost 
infusible  (F.  =  6).  On  charcoal  with  soda  gives  a  cotiliug  which  is  yellow  while  hot.  and 
wiiite  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F.,  this  coaling 
assumes  a  bright  green  color,  but  the  ignited  niinend  itself  becomes  blue.  Gelatinizes 
with  acids  rven  when  previously  ignited. 

Diff.— Characterized  by  its  infusibility:  reaction  for  zinc;  gclatinization  witiracids.  Re- 
sembles some  smithsonite  (whicii  effervesces  with  acid),  also  prehnite. 

Obs. — Calamine  and  siTiitiisoniie  are  usually  found  associated  in  veins  or  beds  in 
stralihed  calcareous  rocks  accompanying  sulphides  of  zinc,  iron  and  lend.  Thus  at  Aix-la- 
Chapelle;  Rachel  and  Bleiberg.  in  ('arimliia;  Moresnet  in  Belgium;  Rezb&nva,  Scbemnitz. 
At  Rought<*n  Gill,  in  Cumberland;  at  Alston  Moor,  white;  near  Matlock,  lu  Derbyshire; 
Leadhills.  Scotland:  at  Nerchinsk,  in  eastern  Siberia. 

In  the  United  States  occurs  at  Sterling  Hill,  near  Ogdensburg.  N.  J..  In  Ado  clear 
crystalline  masses.    In  Pennsylvania,  at  the  Perkiomen  and  Pheuizville  lead  mioet;  at 
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CriodADivIIIe.  Abundant  in  Virginia,  at  AualiD'a  mines  In  Wytbe  Co.  Wiih  ibe  zinc 
deposlu  of  aoathwestern  HlHSOuri,  especially  about  Oranby,  bolb  as  crjelullized  and 
masaive  calamine.     At  tbe  Emma  mine,  Cottunwouti  CaDon,  Utah. 

The  name  Calamine  (witb  Galmn  of  tlie  Germansj  Is  commoLly  supposed  to  be  a  cor- 
ruption of  Cadfoia.  Agrlcola  says  it  is  fTom  eatamu*.  a  rteO,  in  allusion  to  tbe  slender 
fonns  (slaluclitic;  common  in  lUe  eadmiafon 


=  8'88.     Colorless  or   nblle   to  nmettiyBtinc 
M.J. 

OarphoUto.  H.HnAI>Bi,Oio.  In  radlat«d  and  atellaied  tufts.  O.  =  2'eSS.  Color 
straw-  to  wax-yellow.  Occurs  at  tbe  tin  mines  of  Scblackenwald;  Wippra,  Id  tbe  Harz,  on 
quartz,  etc 

Idwionlt*.  HiCBA1i8iiOii.  In  prismntic  orlborbombic  crystals  ;  ntm'"  —  67°  W. 
Q,  =  8-OQ.  Luster  rttreous  to  greasy.  Colorless,  pale  blue  to  ersyish  blue.  Occurs  in 
rryBtaillue  BCblats  of  tbe  Tibum  peoinsula,  Harin  Co.,  California;  also  lu  the  acblsls  of 
Ponlgttnud  and  New  Caledonia. 

Ocrlta.     A  silicate  nf  the  cerium  metals  cblefly,  witb  water.     Crystals  rare;  commonly 

masslTo;  Kranular.    H.  =6-5.    G.  =  4'86.    Color  between  clove-bro ■"  -"- ' 

to  gny.    Occurs  at  BastnBs,  near  Kidd&rbyltan,  Sweden. 


and  cherry-red 


TOUBMALIHB.    Turmalln  Qtrm. 
Rhombobedral-lieinimorphic     Axis  i  =  0-4477. 
er.  0001  A  loll  =  Sr  80*.     rr".  lOll  a  IlOl  =  «*  e?.     ww',  S 

«.,  0001  A  oa5i  =  48*  or.  i*/,  oaSi  a  202i  =  rr  v.    «u',  s 


Crystals  usually  prismatic  m  habit,  often  slender  to 

acicular;  rarely  flattened,  the  prism  nearly  wanting. 
Prismatic  faces  strongly  striated  vertically,  and  the 
crystals  hence  often  much  rounded  to  barrel -shaped. 
The  crosa-section  of  the  prism  three-sided  (vi,  Fig.  877), 
sii-sided  ((i),  or  nine-sided  (m  and  a).  Crystals  com- 
monly heiniracrpViic.  Sometimes  isolated,  but  more 
commonly  in  parallel  or  radiating  groups.  Sometimes 
iDaseive  compact ;  also  columnar,  coarse  or  fine,  parallel 
or  divergent. 
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Cleavage:  a,  r  difficult.  Fracture  subconchoidal  to  uneven.  Brittle  and 
often  rather  friable.  H.  =  7-7*5.  Q.  =  2'98-3'20.  Luster  vitreous  to  resin- 
ous. Color  black,  brownish  black,  bluish  black,  most  common;  blue,  green, 
red,  and  sometimes  of  rich  shades;  rarely  white  or  colorless ;  .some  specimens 
red  internally  and  green  externally ;  and  others  red  at  one  extremity,  and 
green,  blue  or  black  at  the  other.  Streak  uncolored.  Transparent  to 
opaque. 

Strongly  dichroic,  especially  in  deep-colored  varieties;  axial  colors  varying 
widely.  Absorption  for  a?  (vibrations  _L  i)  much  stronger  than  for  e  (vibra- 
tions I  6^) ;  thus  sections  |  d  transmit  sensibly  the  extraordinary  ray  only,  and 
hence  their  use  (e.g.,  in  the  tourmaline  tongs  (p.  181) )  for  giving  polarized 
light.  Exhibits  idiophanous  figures  (p.  219).  Optically  — .  Birefringence 
rather  high,  a?  —  e  =  0-02.  Indices:  a;y  =  1*6366,  Cj  =  1-6193  colorless  var.; 
coj.  =  1*6435,  €r  =  1*6222  bl.  green.  Sometimes  abnormally  biaxial.  Becomes 
electric  by  friction ;  also  strongly  pyroelectric. 

Var. — Ordinary.  In  crystals  as  above  described  ;  black  much  the  most  common. 
(a)  RubelUie;  the  red,  sometimes  transpareut;  the  Siberiau  is  mostly  violet-red  {siberiU), 
the  Brazilian  rose  red;  that  of  Chesterfield  nnd  Gosheu,  Mass.,  pale  rose-red  and  opaque; 
that  of  Paris.  Me.,  fine  rubj-red  and  transparent,  (b)  Indicolite,  or  indigoUU;  the  blue 
either  pale  or  bluish  black;  named  from  the  indigo-blue  color,  (c)  Brazilian  Sappftire  (in 
jewelry);  Berliu-bhie  and  transparent,  (d)  Brazilian  EnuraM,  Chry$oliie  (or  Peridot)  cf 
Brazil;  green  and  trans[)aient.  (e)  Peridot  of  Ceylon;  honey -yellow.  (/)  AchroiU;  color- 
less tourmaline,  from  Elba,  {g)  Aphrieite;  black  tourmaline,  from  KrngerO,  Norway. 
(h)  Columnar  and  black;  coarse  columnar.  Resembles  somewhat  common  hornblende, 
but  has  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anything  like  a  fibrous 
appearance  in  the  texture;  it  often  has  the  appearance  on  a  broken  surface  of  some  kinds  of 
soft  coal. 

€omp. — A  complex  silicate  of  boron  and  aluminium,  with  also  either  mag* 

nesium,  iron  or  the  alkali  metals  prominent.     The  oxygen  ratio  of  Si  :  R  is 

I  II 

in  general  2  :  3  and  the  formula  may  hence  be  written:  R.SiO,  =  R.SiO,  = 

III  I  II  m 

R,SiO,.     Here  R  =  Na,Li,K;  R  =  Mg,Fe,Ca;  R  =  Al,B,Cr,Fe. 

The  varieties  based  upon  composition  fall  into  three  prominent  groups,  between  which 
there  are  many  gradations  : 

1 .  Alkali  Tourmaline.  Contains  sodium  or  lithium,  or  both;  also  potassium.  G.  ss 
8'0-3-l.     Color  red  to  green;  also  colorless. 

2.  Iron  Tourmaline.    G.  =  8'l-3'2.    Color  usually  deep  black. 

8  Magnesium  Tourmaline.  G.  =  8  0-3 -09.  Usually  yellow-brown  to  brownish 
black;  also  colorless  (anal.  54). 

A  chromium  tourmaline  also  occurs.     G.  =  3  120.     Color  dark  green. 
The  following  are  typical  analyses  (Riggs)  of  the  three  varieties  : 

1.  Rum  ford.  Me.,  rose: 

810,     TiO,       B,0,     AUG,       FeO     MnO     CaO     MgO    Na-O     K,0      Lf,0     HaO         F 

8807     —       9  99    42-24     0*26    0*85    0  56    007    218    0  44    1-69    426    038  =  100-29 

2.  Auburn,  black: 

34-99     —       9  63    33-96    14-23    006    015    101    201    0*84     (r.      862      —   =10000 

3.  Gonverneur,  brown: 

87-39    119    10-73    27*89*    064      —     2  78  14  09    172    016     tr.     8*88     <r.f  =  100'42 

a  Including  0*10  Te^O%. 

Pyr.,  etc.— The  magnesia  varieties  fuse  rather  easily  to  a  white  blebbv  glass  or  slag; 
the  iron-magnesia  var.  fuse  with  a  strong  heat  to  a  blebby  slag  or  enamel;  the  iron  var. 
fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  the  iron-magDesia-litbia  var.  fuse  on 
the  edges,  nnd  often  with  great  difficulty,  and  some  are  infusible;  the  litbia  var.  are  infmi- 
ble.     With  the  fluxes  many  yarieties  give  reactions  for  iron  and  mangauese.    Futed  with 
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!3  ft  distinct  reaclion  fur  boric  iicid;! 


ft  mfxtura  of  potassium  blsulpliate  aud  fluor-spar 
Not  decomposed  by  adds. 

Di&.  —Characterized  by  its  cryatalliiatlon,  prisointic  forms  usual,  wliicli  ere  three-,  all-, 
or  oiue-sided,  and  often  nith  rhombohedral  termlnaiioDa :  niitsdve  forniB  wltli  columuur 
■tnicture;  alao  by  abseuce  of  cltnvage  (unlike  Hinphibole  and  epidote):  in  liie  common 
btuck  kiuds  by  the  cotil-IIke  friLcture:  by  LarduEss;  by  iIISlculi  fueibillvy  (cummou  kiuda), 
compikrcd  with  garnel  ood  vesuviauite.     The  boroa  lt:at  ia  conclusive. 

Readily  distinguisbed  in  thin  aectiooa  by  Its  somewhat  bigh  relief;  ralber  BiroiiK  Inter- 
[er<;iice-calon;  negatlvo  nniuxial  character)  deckled  colors  iu  ordiuury  light  iu  nUlcb  basal 
•ectious  often  exhibit  a  EOtial  structure.  Also,  <nipedally,  by  lla  remarkable  abiiorptlou 
vrbea  the  direction  of  crystal  elongation  Is  j.  to  the  vibnilion-pkncuf  the  lower  iiicol^  this 
iriih  Its  lack  of  cleavage  dUiiugubbes  It  from  biotitc  nud  ampbibole,  which  aloue  imioug 
rock-mnkiag  minerals  show  similar  strong  absorpliiin. 

Oba.— Commonly  found  iu  gmulie  aud  gneisses  as  a  result  of  fumarole  sctinn  or 
at  iQioeraliziuK  gases  to  the  fluid  magma,  especialljr  it>  the  pegmatite  veins  OESoilated 
with  aucb  rocks;  at  the  peripbeir  of  such  mafses  or  in  Ibe  acbisls,  or  altered  limeslouea, 
gneisses,  etc.,  immeilialely  adjolumg  tbem.  It  marks  txpecially  the  houndnrieB  of  gTauillc 
massea.  and  lla  associate  miucnils  as  those  cbaraci eristic  of  such  occurrences:  i^uartz,  albile, 
nilcroollue.  muacovlte,  etc.  The  variety  In  granular  limestone  or  dolomite  is  commonly 
broffn:  tbe  bluish-black  var.  «omctimes  associated  with  tin  ores;  the  bronn  with  titanium; 
the  lithium  variety  is  often  associated  with  lepidolite.  Red  or  green  varieties,  or  both,  occur 
Dear  Ekaterinburg  in  the  Urul;  Elba:  CampolonEo  in  Teesin,  BwilzerlDnd;  Fenig, 
B^vxiiay;  nUo  the  province  Mlnas  Oerai-s.  firazil:  yellow  and  brown  from  Cevlon;  dark 
brown  varietias  from  Elbenstock,  Saxony;  the  Zillettbal;  black  from  Arendal.  Norway, 
Buaram;  EragerO;  pale  yeltowiah  brown  at  Windltch  Kuppel  in  Carintbla;  flne  binck 
crysbtN  oecur  in  Coruwell  at  diSereut  localities. 

In  the  U.  Slates,  in  Maine  at  Paris  and  Hebron,  maguiflcent  red  and  ereen  tourtnallnM 
witb  lepidolite,  etc.;  also  blue  aud  piok  vnrielies;  and  st  Norway;  pTiik  at  Rumford, 
embedded  In  lepidolite;  at  Auburn  In  clear  cnislals  of  a  delicate  pink  or  Ulnc  wiih  lepido- 
lite. etc.;  at  Albauy.  green  and  black.  Id  Mat*.,  at  Cheslerfleld,  red.  green,  and  blue;  at 
GiHhttu,  blue  and  green;  at  Norwich,  New  BraiDtree.  autl  Carlittle,  gooublack  cryelnla.  In 
A'.  Simp.,  Grafton.  Acworth;  at  Orford,  brownish  black  in  stealtle.  In  Cbnn.,  nl  Monroe, 
dark  br  iwd  In  mica -slate  ;  at  Haddam,  black  In  mica  slute;  also  Que  |>ink  and  ereen;  at 
New  Milford,  black.  In  JV.  Fork,  near  Gouverueur,  brown  crystals,  with  trewoTile,  etc., 
in  granular  limestone;  block  near  Port  Henry,  Essex  Co.;  near  Edenville;  splendid  black 
crystals  at  Piarrtpont,  8t.  Lawrence  Co,;  colorless  and  glassy  at  De  Kalb;  dork  brown  at 
McComb.  In  N.  Jeriey,  at  Hamburg  and  Newton,  black  and  brown  crystals  in  limestone, 
with  spinel:  also  grass-green  crystals  in  crystalline  limealouc  near  Frauklin  Furnace.  In 
Ptan.,  at  Newlin,  Cheater  Co.;  near  Unlonville,  yellow;  at  Chester,  flne  black;  Middle- 
town,  black;  Marple.  green  in  talc;  near  New  Uope  on  the  Delaware,  large  black  crystals. 
A  cbromo  vnr.  from  the  chroraite  beds  in  Montgomery  Co.,  Marytand.  In  S.  Car,.  Alei- 
ander  C"..  In  fine  black  crystals  with  emerald  and  hiddeuite.  In  Califiimia,  finegroupa 
of  nibsllite  In  lepidolite  Iu  Biiu  Diego  Co. 

In  0<tn'tda.  In  Ibe  province  of  Quebec,  yellow  crystals  in  limealODe  at  Calumet  Falls, 
Litchfle)d,  Pontlac  Co.;  at  Uunlerstown;  flue  brown  crystals  at  Clarendon,  Poiiliac  Co.; 
black  at  Oreuvllle  aud  Argenleuil.  Argenleull  Co.  In  Ontario,  in  flne  crystals  at  N.  Bur- 
geaa,  Lanark  Co.iGalway  and  Sloney  L.  in  Dummer,  Peterborougb  Co. 

The  name  larmaiin  from  Turamaii  in  Cingalese  (applied  to  zircon  by  jewelers  oC- 
Ceylou)  was  introduced  Into  Holland  in  1708,  with  a  lot  of  gems  from  Ceylr" 

Dumortlerits.     A  basic  aluminium  silicate,  perhaps  4AliOi,3SiOi, 

Orthorliomblc,  Prismatic  angle  approximately  WT.  Usually  iu  fibrous  to  columnar 
aggregates.  CleBvagc;  a  distinct;  also  prismatic,  imperfect.  H.  =  7.  G.  =  3'i6-3M, 
liusier  vitreous.  Color  bright  amalt-blue  to  greenish  blue.  Transparent  lo  transhiccnl, 
Pteochroism  very  strong:  (colorless,  ti  reddish  violet,  a  deep  ultramarlne-blue.  Exhibits 
Iiliopliaiioiw    flgurea,    analogous    to   andalualte.      Optically  — .    Ai,  pi. 


n 


I  relief:  low  Inlerfer 


e-colora  (like  those 


paiallel  exdoction;  biaxial  character  and  especiatlyby  Its  remarkable  pleochrolsm. 

Pound  embedded  iu  feldspar  In  blocks  of  gneisa  at  Cbuponost.  near  Lyons.  Franca: 
from  Wolfshftu,   near  Schmledeberg,  Silesia;  iu  the  iolite  of  the  gneiss  of  Tverleslrar-*   ~ 
Norway.     In  the  U.  8.,  it  occurs  near  Harlem.  New  York  Island,  Tn  the  pegmaloid  j 
tlon  of  a  bio  tile- gneiss;  In  a  quarteose  rock  at  Clip,  Yuma  Co.,  Arisona. 
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STAtrROUTB.    BtauroKde. 
Orthorhombic.     Axea  d:h:l  =  0-4734  : 1  :  0-6838. 

mm'",  no  A  liO  =    SO"  40'.  er,  001  A  101  =  SB*  Iff. 

rT'.       101  A  iOl  =  110°  Si".  mr,  110  A  101  =  43"    y. 

Twins  cruciform:    tw.  pi.  x  (032),  the  crystala  crossing  nearly  at  riglit 
angles;  tw.  pi.  z   (333),  crossing  at  an  angle  of  60°  approximately;  tw.  pi. 
.V(230)  rfti-e,alsoinrepeatedtwin8(cf.  Fig8.a59,p.  122,409,p.  128,411.p-129). 
'Crystals  commonly  prismatic  and  flattened  1|  S;  often  with  rough  surfaces. 
878.  B79. 


Cleavage:  S  distinct,  but  interrupted 
881.  "  "■' 
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in  traces.  Fracture  subconchoidaL 
Brittle.  "H.  =  7-7-6.  Q.  =  3'65-3-77.  Sabvitreous, 
inclining  to  resinous.  Color  daric  reddish  browu 
to  brownish  black,  and  yellowish  brown.  Streak 
uncolored  to  grayish.  Translucent  to  nearly  or 
quite  opaque.  Pleochroism  distinct:  c(=<^)  hya- 
cinth-red to  blood-red,  a,  b  yellowish  red ;  or  c  gold- 
yellow,  a,  b  light  yellow  to  colorless.  Optically  -f. 
Ax.  pi.  \a.  Bx  J.  c.  2H„  =  113°  10'.  0  =  1-75, 
y  -  <r  =  001-3. 

Corop.— HFeAl.Si.O,,,  which  may  be  written 
(A10).{AIOH)Fe(SiO.),  or  H,0.2Fe0.5AI,0,.4SiO. 
=  Silica  263,  alumina  55-9,  iron  protoxide  158, 
water  2-0  =  LOO  Penfield.  Magnesium  (also  man- 
ganese) rephicee  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  aluminium. 

t  Kordmarkilt  from  Kordmsrk,  Sweden,  contains  manga- 

nese in  large  ainoiiDls, 
Pyr.,  eto. — B.B.  lufiiMble,  ezoL>[>lJD)r  llie  maiigniieslAQ  *ariety.  vhic1i.fii«es  easily  to  a 
black  inai.'iiel[<:  ^lass.     Willi  ilie  fluxes  givra  reaciioDs  fur  Iron,  nncl  wiinetlines  for  maa- 
gancse.     Imptrtectly  lU-composed  by  sulpliuric  Hctd. 

Diff.— CliaracIerlJii'ii  byilieobiuse  prism  (unlike  aDdnliirite.  wbich  ii  nearly  aqusTe);  b; 
Ihe  frv<iii(;iicv  of  twinning  forms;  by  bimiuess  and  inriisiblltty. 

UikIlt  tlie  iiiirnisci)pc,  seel  inns  slmw  a  decided  coliir  (yellow  lo  red  or  bmwu)  ami  slrong 

tlunrlirolsm  (vellow  iiTid  re.l);  also  clinracienKeii  by  Mini^/f  refraction  (liipb  relief),  mllii-r 
rislit  iiiliTfurcnee-foliTs,  parallel  extinrHon  and  binxiiil  cbaracler  (gciiemlly  pusiiive  In 
llio  dircriiixi  of  i-longutioii]  E.isily  disllngiiisbed  from  rulile  (p.  S45j  by  its  biasiul  char- 
aetcr  and  lower  inierrerenci'-colora. 

Obs.  —  U'iikI'v  (iiuiid  in  cryaialUneadiists.  as  lulea  si-hisl.  arglllncoous schist,  and  gtieiss. 
as  n  n-siili  of  rejrioiinl  or  conlacl  mi-f:imorpliisni;  ofien  nss"nialed  wlih  garnrt.  illUouuilte. 
cyanlle,  nod  tonrmnline.  aomelioies  eiiilo«es  HynimPlrlcally  armngi'd  carboiiaceoua  Im- 
purliies  like  atidiil  site  (p  M8).  Oilier  impnrilIl■^  are  alio  often  preaent,  e^i>f^lji!ly  silica. 
BometiineRn|Ho3ll  to  40  p.  c;  alBo  (rnrnil,  mien,  and  perliapa  magnelile,  brouklte. 

Oeciirs  wltii  eyanlle  In  paragonite  seldal.  at  Ml.  Caiiipirine.  gwUzcrlaod ;  In  Ibe  Zilleillial. 
Tyrol;  QoldenRlein  In  MoiHTla;  Afebaffenlinrg.  Btivnrini  In  large  twin  cryataU  tn  tbe  mloa 
•chlals  of  Brittany  and  Scotland.     lu  tbe  province  of  Ulnaa  Qerael,  BmdI. 
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Abundant  throughout  the  mica  schists.of  New  England.  In  Maine,  at  Windbam.  la 
N.  Hamp,,  brown  at  Francouia;  ut  Lisbon;  on  the  sbores  of  Mink  Poud,  Inoee  in  tlie  soiL 
In  ifciM.,  at  Cliestertield,  in  fine  crystals.  In  Conn,,  at  Bolton,  Vernon,  etc. ;  Suutbbury  with 
KarneU;  at  Litchfield,  black  crystals.  In  N.  Carolina,  near  Franklin,  Macou  Co.;  also  in 
Sladison  and  Clay  counties.  In  Oeai^gia,  in  Funniu  Co.,  loose  in  the  soil  in  fine  crystals. 
Named  from  oravpoS,  a  erot$. 

Komempine.  MgAUSiOc  In  fibrous  to  columnar  aggregates,  resembling  silli- 
manita.   H.  =  6*5.   G.  =  3  273  kornerupine;  3*341  prismatine.   Colorlessto  white,  or  brown. 

Kornerufdne  occurs  at  FiskernEs  on  tbe  west  coust  of  Greenland.  l*rihmatine  is  fn)m 
Waldbeim,  Saxony. 

Sapphirine.  HgtAlisSisOsf.  In  indistinct  tabular  crystals.  Usually  in  dissem- 
inated grains,  or  aggregations  of  grains.  H.  =  7*5.  G.  =  8*42-8  48.  Color  pale  blue  or 
greesi     From  Fiskerufts,  southwestern  Greenland. 


SELICATES. 

Section  B.     Chiefly  Hydrous  Species. 

Tbe  Silicates  of  this  second  section  include  the  true  hydrous  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species — as  the  Micas,  Talc,  Kaolin  it  e — which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasilicates,  orthosili- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  have  placed  them 
in  the  preceding  chapter  with  other  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  the  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows: 

I.  Zeolite  Division. 

1.  Introductory  Subdivision.    2.  Zeolites. 

II.  Mica  Division. 

1.  Mica  Group.    2.  Clintonite  Group.    3.  Chlorite  Group, 

III.  Serpentine  and  Talc  Division. 
Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division. 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

V.  Concluding  Division. 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron,  manganese,  etc. 


I.  Zeolite  Division. 

1.  Introductory  Subdivision, 

Of  tbetpeciet  here  included,  several.  a<<  Apopbyllite.  Okenite,  etc..  while  not  Btrictly 
ZeouTSB*  are  closely  related  to  tbcni  in  coin  position  and  method  of  occurrence.  Pectolite 
(p.  895)  Mid  Preholte  (p.  442)  are  also  sometimes  classed  here. 


453  DESCRIPTITE   UIHERAXOOr.  J 

Inedta.  3(Un.Ca)SIOi  +  H,0.  CrjrslaU  small,  prismatic:  also  fltiroui.  ndlated  ind  1 
aplieruKtIc.  H.  =0.  U.  =3020.  Color  rose-  io  tlesb-red.  Occurs  nt  tbe  manganne  \ 
mines  near  Dillenburg,  Qermaoj.  BhodotiliU  Is  the  same  species  from  tbe  Baratig  mine,  | 
Pajsberg,  Bweden. 

Gauopbylllta.  6H,0.7Hi]O.AI,Oi.8SiO(.  In  short  prismatic  cryatHib:  ftlso  foliated,  I 
mica(?eous.  Color  brono.  H.  =  i-i'S.  0.  =  S'M.  From  Ihe  Harstig  mine,  near  Pajt-  | 
berg,  Sweden. 

Okenlte.      H>Cagi,Oi  +  HiO.      Commoiity   fibrous;    also    compact.      H.  a  4'5-5.      { 
O.  =  2  28-3-36.     Color  while,  nllb  a  sbade  nt  yellow  or  blue.     Occurs  in  basalt  or  ralaUd 
eruptive  rocks;  hs  iu  tbe  FsrOer;  Iceland;  Disko.  Oreeuland;  Pooua,  ludla,  elc 

QyroUte.  H,Ca^S1.0.  +  HiO.  In  while  concretions,  lame  liar- radiate  tn  atniclure. 
From  the  liile  of  Skj'e,  wlib  stilbite,  laumontite,  etc.;  Id  India,  etc  WlthapophjUlteof 
Nen  Almadeu,  CHlirorola;  also  N.  Scotia. 


AFOPHTixrm. 

Tetragonal.     Axis  i  =  1-3515, 
atf.  100  A  310=  IS'Sff. 
ep,  001  A  111  =  60*82'. 


^^S) 


Habit  vftried ;  in  sqnare  prisms  (it)  usually  short  and  terminated  by  c  or  by 
cp,  and  then  resembling  a  cube  or  cu bo- octahedron;  also  acute  pynimidal  (p) 
vith  or  without  c  and  a;  less  often  thin  tabular  )  e.  Paces  e  often  rongb;  a 
bright  but  vertically  striated ;  p  more  or  less  nneven.  Also  massive  and 
lamellar;  rarely  concentric  radiated. 

Cleavage:  c  highly  perfect;  m  less  80.  Fracture  uneven.  Brittle.  H.  =  4  5-5. 
G.  =  2'3-3'4.  Lufiter  of  c  pearly;  of  other  faces  vitreous.  Color  whit«,  or 
grayish;  occasionally  with  a  greenish,  yellowish,  or  rose-red  tint,  flesh-red. 
Transparent;  rarely  nearly  opaque.  Birefringence  low;  usually  -^-,  also  — . 
Often  shows  anomalons  optical  characters  (Art,  411,  Fig.  565).  Indices: 
w,  =  1-5309  Li,     €,  =  1-5332. 

Comp.— II,KCa.(SiO,),  +  4tH,0  or  K,0.8Ca0.16SiO,.16H,0  =  Silica 53-7, 
lime  35-0,  potash  5'2,  water  16*1  =  100.  A  small  amount  of  fluorine  replacee 
part  of  the  oxygen. 

Tiie  atmve  formula  differs  but  little  from  H.CaSitOi  +  H.O.  tn  wbirh  potaMiuBB 
replares  pnrt  of  the  biisic  liydrogen.  The  form  often  accepted,  H,(Ca,Ej8IiOi  -|-  BiO, 
corresponds  less  well  witli  the  analyses. 

Fyr.,  ato.— Id  the  closed  tube  eifollaies.  whitens,  and  yields  water,  whioh  reaott  acfd. 
Id  tbe  open  tube,  wben  fused  with  salt  of  phosphorus,  gives  a  fluoriDe  raacikM.    KB. 
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exfoliates,  colors  the  flame  violet  (potasb).  and  fuses  to  a  white  vesicular  enfunel.     F.  =  1  5. 
Decomposed  by  hydrochloric  acio,  with  separation  of  slimy  silica. 

X>ifL — Characterized  by  its  tetragonal  form,  the  square  prism  and  pyramid  the  common 
habits:  by  the  perfect  basal  cleavage  and  pearly  luster  on  this  surface. 

Ob«. — Occurs  commonly  as  a  secondary  mineral  in  basalt  and  related  rocks,  with 
various  zeolites,  also  datolite,  pectolite,  calcite ;  also  occasionally  in  cavities  in  granite, 
gneiss,  etc.  Greenland,  Iceland,  the  F&rOer,  and  British  India  afford  fine  specimens  of 
apophyllite  in  amygdaloidal  basalt  or  diabase.  Occurs  also  at  Andreasberg,  of  a  delicate 
pink;  Radauthal  in  the  Harz;  at  Orawitza,  Hungary,  with  wollastonite;  UtO,  Sweden;  on 
the  Seisser  Alp  In  Tyrol;  Guanajuato,  Mexico,  often  of  a  beautiful  pink  upon  amethyst. 

In  the  U.  D.,  large  crystals  occur  at  Bergen  Hill,  N.  J.;  in  Penn.,  at  the  French  Creek 
mines.  Chester  Co.;  at  the  Cliff  mine.  Lake  Superior  region;  Table  Mt.  near  Golden,  Colo.; 
in  California,  at  the  mercury  mines  of  New  Almaden  often  stained  brown  by  bitumen; 
also  from  Nova  Scotia  at  Cape  Blomidon,  and  other  points. 

Named  bv  Hally  in  allusion  to  its  tendency  to  exfoliate  under  the  blowpipe,  from 
dxo  and  4>uXXoy,  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  eye  of  a  fish  after 
boiling,  gave  rise  to  the  earlier  name  lehthyophilialmite,  from  ijfiv^,Jish,  6fp^a\pi6%,  eye, 

2.  Zeolites. 

The  Zeolites  fortn  a  family  of  well-defined  hydrous  silicates^  closely  re 
lated  to  each  other  in  composition,  in  conditions  of  formation,  and  hence  in 
method  of  occurrence.  They  are  often  with  right  spoken  of  as  analogous  to 
the  Feldspars,  like  which  they  are  all  silicates  of  aluminium  with  sodium  and 
calcium  chiefly,  also  rarely  barium  and  strontium;  magnesium,  iron,  etc.,  are 
absent  or  present  only  through  impurity  or  alteration.  Further,  the  com- 
position in  a  number  of  cases  corresponds  to  that  of  a  hyd rated  feldspar;  while 
fusion  and  slow  recrystallization  result  in  the  formation  from  some  of  them  of 
anorthite  (OaAl,Si,0,)  or  a  calcium-albite  (CaAl,Si,0„)  as  shown  by  Doelter. 
The  Zeolites  do  not,  however,  form  a  single  group  of  species  related  m  crystal- 
lization, like  the  Feldspars,  but  include  a  number  of  independent  groups 
widely  diverse  in  form  and  distinct  in  composition  ;  chief  among  these  are 
the  monoclinic  Phillipsitb  Group;  the  rhombohedral  Chabazite  Group, 
and  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  in 
composition  between  certain  end  compounds  has  been  more  or  less  well 
established  in  certain  cases,  but,  unlike  the  Feldspars,  with  these  species  calcium 
and  sodium  seem  to  replace  one  another  and  an  increase  in  alkali  does  not 
necessarily  go  with  an  increase  in  silica. 

Like  other  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
chiefly  from  3*5  to  5*5,  and  the  specific  gravity  is  also  lower  than  with  corre- 
sponding anhydrous  species,  chieny  2*0  to  2*4.  Corresponding  to  these  charac- 
ters, they  are  rather  readily  decomposed  by  acids,  many  of  them  with  gela- 
tinization.  The  intumescence  B.B.,  which  gives  the  name  to  the  family  (from 
QeiVf  to  boil,  and  XWo^^  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  commonly  in 
cavities  and  veins  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.  ;  less  fre- 
quently in  granite,  gneiss,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
nave  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  elseolite,  sodalite, 
etc.;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  asso- 
ciated together;  also  with  pectolite  and  apophyllite  (sometimes  included  with 
the  zeolites),  datolite,  prehnite  and,  further,  calcite. 

PtiloUte.  RAlsSi,eO,4  +  5H,0.  Here  R  =  Ca  :  E, :  Na,  =  6  :  2 : 1  approx.  In  short 
capillary  needles,  aggregated  in  delicate  tufts.  Colorless,  white.  Occurs  upon  a  bluidi 
cbalcedoDy  In  cavities  in  a  vesicular  augite-andesite  found  in  fragments  in  the  conglom- 
erate beds  of  Green  and  Table  mountains,  Jefferson  Co.,  Colorado. 

Mord«nito.  8RAUSiioO««  -f  !^0H,O,  where  R  =  E, :  Na,  :  Ca  =  1 : 1 :  ].  In  minute 
eiystala  retembling  heulandite  in  habit  and  angles;  also  in  small  hemispherical  or  rent- 
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form  concretions  with  fibrous  structure.  H.  =  3-4.  G.  =  2'15.  Color  while,  yellowish 
or  pinkish.  Occurs  near  Morden,  King's  Co.,  Nova  Scotia,  in  trap;  also  in  western  Wyo- 
ming near  Hoodoo  Mt..  on  the  ridge  forming  the  divide  between  Clark's  Fork  and  the 
East  Fork  (Lamar  R.)  of  the  Yellowstone  river. 


HSULANDITB.     Btilbite  Bome  authoTB. 
Monoclinic.    Axes:  ait:i=  04035  :  1  :  0-4293;  p  =  88**  34  J'. 

886.  mm'".  110  A  110  =  48*'  56'.  cs.  001  A  201  =  66'    C. 

c<,        001  A  201  =  63'  40'.  ex,  001  A  021  =  40'  88J'. 

Crystals  sometimes  flattened  Q  h,  the  surface  of  pearly  luster 
(Fig.  886;  also  Fig.  22,  p.  11);  form  often  suggestive  of  the  ortho- 
rhombic  system,  since  the  angles  cs  and  ct  diner  but  little.  Also 
in  globular  forms;  granular. 

Cleavage:  h  perfect.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  •2-18-2 -22.  Luster  of  *  strong 
pearly;  of  other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray  and  brown.  Streak  white.  Transparent 
to  sub  translucent.  Optically  +.  Ax.  pi.  and  Bxa  J.  b.  Ax.  pi. 
and  Bxo  for  some  localities  nearly  ||  c\  also  for  otners  nearly  _L  c  in  white 
light  (Dx.).  Bxo  A  ^  =  +  57^^.  Axial  angle  variable,  from  0**  to  92'';  usually 
2Er  =  52^     Birefringence  low.     /J  =  1  -499 ;>/-«  =  0007. 

Comp.— H,CaA],(SiO,).  +  3H,0   or  5ri,O.CaO.Al,0,.6SiO,  =  Silica  59-2, 
alumina  16*8,  lime  9*2,  water  14-8  =  100. 

Strontium  is  usually  present,  sometimes  up  to  3*6  p.  c. 

Pyr. — As  with  slilbite,  p.  457. 

Obs.— Heulandite  occurs  principally  in  basaltic  rocks,  associated  with  chabazite,  stil- 
bite  utid  other  zeolites;    also  in  gneiss,  and  occnsionnlly  in  metalliferous  veins. 

The  finest  specimens  of  this  species  come  from  Berufiord,  and  elsewhere  in  Icehind; 
the  FatOer;  in  liritisii  India,  near  Bombay;  also  in  railrond  cuttings  in  the  Bhor  and  Thul 
Ghats.  Also  occurs  in  the  Kilpatrick  Hills,  near  Glasgow;  on  the  I.  of  Sky e;  Fassatbai. 
Tyrol;  Andreasber^,  Harz. 

In  (he  United  States,  in  diabase  at  Bcrgrn  Hill.  New  Jersey;  on  north  shore  of  Lake 
Superior;  with  haydenite  at  Jones's  Falls,  near  Baltimore  (bedumontite).  At  Peter's  Point, 
Nova  Scotia;  also  at  Cape  BIomi<lou,  and  other  points. 

Named  after  the  Enizlish  mineralogical  collector,  II.  Heuland,  whose  cabinet  was  the 
basis  of  the  classical  work  (1837)  of  Levy. 

Brewsterite.  H4(Sr.Ba,Ca)Al,Si«0,8  +  3na().  In  prismatic  crystals.  H  =5.  G.  =  2*45. 
Color  white,  inclining  to  yellow  and  gray.  From  Strontian  in  Argyleshire;  near  Freiburg 
in  Breisgau,  etc. 

Epistilbite.  Probably  like  heulandite.  H4CaAlaSi«0,.  4- 3H,0.  Crystals  monoclinic, 
uniformly  twins;  habit  prismatic.  In  radiated  spherical  aggregations;  also  granular. 
G.  =  2  25.  Color  white.  Occurs  with  scolecite  at  the  Berufiord,  Iceland;  the  FftrOer; 
Poona.  India;  in  small  reddish  crystals,  at  Margaretville,  N.  Scotia,  etc.  RgiBnie  is  from 
Saniorin. 


Pliillipsite  Group.     Monoclinic. 

Wellrite  (Ba,Ca,K,)Al,Si,0,,  +  3H,0 

PhiUiprito  (K„Ca)  Al,Si,0.,  +  4iU,0 

Harmotoma  (K„Ba)Al,Si,0,,  +  511,0 

StUbite  (Na„Ca)Al,Si.O,.  +  6H,0 

The  aboTO  species,  while  crystallizing  in  the  monoclinic  system,  are  remark- 
able for  the  pseudo-symmetry  exhibited  by  their  twinned  lorma.    Oertaiii  of 


a  :  t  :  d 
0-768    :  1  :  1-245 

53*^  27' 

0-7095  :  1  :  1  2563 

55**  37' 

0-7032  :  1  :  1-2310 

55**  10' 

0  7623  :  1  :  11940 

50*^50' 
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tkese  twine  are  paeudo-orthorhombic,  others  pseudo-tetragoaal  aud  aiore  com- 
plex twina  eveii  pseud o-iBometric. 

Freseiiiug  bu  shown  llint  Llie  B]iecies  of  lliis  group  may  be  regai-Jcii  as  formlDg  ii  series, 
la  nbich  the  mlio  of  KO  :  A),0,  Is  cuustaut  (=  1  :  1),  uud  Ihut  uf  tJiO, ;  H,U  iilso  chletly 
1  :  1.     The  end  coiupouLicls  assumed  by  him  aic : 

HAl,Si,0,.  +  OH.O;        R,Al,St,0,.  +  811,0. 


Here  R  =  Ca  chiefly,  in  pbillipsiie  nud  siilbiic,  Da 
Ca.  iindKiure  pruseul;  also  hi  smaller  amnuQisNai,  K| 
may  lie  reKarded  as  a  bydntted  cnlcium  albile,  tlie 


and  Kiiolu,  hiiwever,  sliiiw  Ibnt  the  aiioKLile  eod  coiiipoiiiiJ 
RAI,SI,0.  +  2H,0  (or  ihis doubled)     The  fonuiiliia  giTt-n  beyond 
to  reliable  iinalysuii  of  rertaiu  typical  occurveiiccB. 

Wellalta.     RAI,Si,0,.  +  8H,U  wiih  R  =  Ca  :  Ba :  E,  =  S  : : 
pri-senl   iti   small    ami>iiiit.     PtrteiilaBe    cum-  oon 

posltloo:  8iO,  43-9.  AI.O,  24  8.  BuO  «  6.  Ci.O  '"'^' 

7-8.    K,0  61,   H,0   l-2-8  =  100.      Monoclluic  __':___ 

(axes  p.  45411  in  complex  Lwiiia.  aoaiojjous  1o 
Ihos.'uf  phlltipsile  nod  bar niotome  (Figs  867, 
W>S).  Brillle.  Nn  cleaviige.  H.  =  4-4-6. 
O.  =:  a278-3-86«.  LuBlei-  viireoiis.  Colorless 
ro  white.  Optically +.  Bxj.«(OlO).  Bl- 
retriiiKence  weak. 

Occurs  at  tbe  Buck  Creek  (Cullakauee) 
corutidiim  mine  in  Clay  Co.,  No.  Camlioa;  Id 
bolnteil  crystals  attached  to  feldspar,  also  to 
bornbleiide  and  coruudum;  lullmalely  asso- 
ciated whb  chabazite. 


Iiurmotouic,  wblla  !□  wellstte  Bn, 
The  Itrst  of  i  be  above  cuuipiiuiida 

hydraied  '  ''       "     ' 


PHILI.IPBITB, 

Monoclinic.     Axes  d:h:i  =  0-7095  :  1  :  1-2563;  y9  =  55"  37', 

mm'",  110  A  liO  =  60'  42'.  em,  001  a  110  =  W  80". 
qf.  100  A  iOI  =  34'  23',  «/.  Oil  a  Oil  =  92"  4'. 
CryHtnls  uniformly  penetration- twins,  bnt  often 
simulating  ortborhombic  or  tetragonal  forms.  Twins 
sometimes,  but  rarely,  simple  (l)  with  tw.  pi,  c,  and 
\  then  cruciform  so  tliat  illagonal  parts  on  b  belong 
together,  lience  ii  fourfold  etrintion,  U  edge  b/m,  may  be 
often  observed  on  b.  (2)  Double  twins,  the  simple  twina 
just  noted  united  with  e  (Oil)  as  tw,  pi.,  and,  since  ee' 
varies  but  little  from  90°,  the  result  is  a  nearly  '^uare 
prism,  terminated  by  what  appear  to  be  pyramidal  faces 
ftttcn  with  a  double  series  of  striations  away  from  the  medial  line.  See  Figs, 
4S2-4:i4,  p.  130;  also  Fig,  362,  p.  123.  Faces  b  often  finely  striated  as  just 
noted,  but  striHtions  sometimes  absent  aud  in  general  not  so  distinct  as  with 
harmotome;  also  m  striated  |j  edge  b/m.  Crystals  either  isolated,  or  grouped 
in  tnfts  or  spheres,  radiated  within  and  bristled  with  angles  at  surfnce. 

Cleavage:  c,  b,  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-45. 
0.  ^  2'2,  Luster  vitreous.  Color  white,  sometimes  reddish.  Streak  uncolored. 
Translucent  to  opaque.  Optically +.  Ax.  pi.  and  Bxo  J.  J-  The  ax  pi.  lies 
in  the  obtuse  angle  of  a  d,  and  is  usually  inclined  to  ii  about  15°  to  30°,  or  75" 
to  70°  to  the  normal  toe.  The  position,  however,  is  variable.  2H^,  =  71°-84". 
Coap.  — In  some  caaea  the  formula  is  (K„Ca)AI,Si.O„  +  4(H,0  = 
Silica  48-8,  alamina  20-7,  Hme  7-6,  potash  6  4,  water  ISS  =  100.  Here 
C :  K,  =  2  : 1. 
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Pyr.,  oto. — B.B.  cnimbln  and  fuel  at  B  lo  ft  white  eokmcl.  OelkilDlxea  wttli  hydro- 
chloric  acid. 

Ob*. — In  tnnaluceDt  crystals  lo  bault,  iit  the  GIadI's  CaiuenA;,  I  re  laud :  at  Capo  dl 
Bove,  near  Rome;  Aci  Caatello  and  elsewhere  iu  Sicily :  amoDKlhe  lavas  of  Hte.  Bumnia; 
at  Stempel,  near  Harburjt;  AnuetoU,  near  Glesseu;  io  ihe  KaUerstulil,  with  faujuite; 
Sales),  Bolieinla;  in  Ibe  ancieut  lavas  of  Cbe  Pujr-Oe-D&me. 


HARMOTOMB. 

MoBOcIinic.     Axes  A:i:d  =  0T031  :  1  : 1-2310;  /?  =  55°  10'. 

Crystals  uniformly  craciform  penetration -twins  with  c  as  tw,  pi.;   either 

(1)  simple  twins  (Fig.  890)  or  (2)  nnitcd  as  fourlings  with  tw.  pi.  e    " 

890.  '  "■ """  ' •' '  "' 


These  double 
twins  often  have  the  aspect  of  a  square  prism  with  diagonal 
pymmid,  the  latter  with  characteristic  feather-like  striatioiu 


from  tlio  medial  lino.    Also  in  more  complex  gfroups  auHlogons 
]  to  those  of  phillipsite. 

I  Cleavage;  b  easy,  c  less  so.  Fractnre  uneven  to  sabcoii- 
I  clioidal.  Brittle.  H.  =  45.  0.  =  244-2-50.  Luster  vitreous. 
'  Color  white;  passing  into  gray,  yellow,  red  or  brown.  Streak 
white.  .Sub transparent  to  translucent.  Optically  -f-.  Ai. 
pi.  ani*  Bx.  J_&.  As.  pi.  in  obtuse  angle  a  i  and  inclined 
about  (15°  to  (/  and  CO"  to  i.  211^,  =  87°  3'.  /?  =  r516. 
Comp.— In  part  H,(K.,Ba)Al,Si.O,.  -t-  411,0  or  {K„Hb)0. 
Al,0,.5SiO,.5H,0  =  Silica  471,  alumina  16  0,  baryta  206,  potash  21,  water 
141  =  100. 

Pyr.,  etc. — B.B.  whlleas,  ilien  rrumbles  and  fuses  without  inlumescruce  at  39  to  a 
white  Iraiieiucent  clnsa.  Borne  varieties  pliu^plion-BCU  when  heated.  Decomposed  by 
bydniclilorle  acid  without  gekliDiKiiig. 

Obs.— Occurs  in  liasalt  iitid  similar  eruptive  rocks,  also  pbonoliie.  trachyte;  not 
iiifrfqiienlly  on  gneiss,  nud  In  some  metalliftmiis  veins.  At  Sirotilliiti,  in  Scotland;  in  a 
inctHlllIcroiis  vein  at  Androasberg  in  Ihe  Harz;  at  Kudelsladi,  Sitcaiu;  Oberstelu,  on  agate 
In  silicet'iisKeudes;  at  Konpsln-ig,  Norway. 

In  the  U.  8..  in  oinalt  lirown  crystals  with  Btilbitc  on  the  gneiss  at  Kew  York  Illaod; 
nenrPt.  Artliiir.  L.  Superior. 

Named  from  tipiiui.  joint,  and  r^tivny.  lo  cut.  allmling  lo  tbe  fact  Ibnt  the  pyramid 
(made  by  llie  prismatic  faces  in  twinoing  position)  divides  parullel  lo  tbe  plane  that  paSMi 
through  Ihe  terminal  edges. 

STUiBITB.    Das  111  Inc. 

Moiioclinic.     Axes:  a  •.}>•.  i  = 

Crystiils  nniformly  oruoift 
aniilopoua  to  jibillipsite  and  harmotome.  The  apparent  form  a 
rlionibic  pyrnniid  whose  faces  are  in  fact  formed  by  the  planes  wi 
and  M\  the  verlic.-il  faces  being  then  the  pinacoids  6  and  c  (cf.  Figs, 
5f.0-.'i(i';,  p.  227).  I'sujilly  thin  tabniiir  |  fi.  These  compound 
crvwtids  are  often  siroiiped  in  nciirly  pnralhd  position,  forming  sheaf- 
liko  afTgregates  with  the  side  fiiee  {h).  sliowing  its  cbaracteristic 
pearly  luKttT,  often  deeply  depressed.  Also  divergent  or  radiated; 
sometimes  globular  and  thin  liitnellar-colnninar. 

Cleavage:  A  jierfeet.  Fracture  niieven.  Brittle.  II.  =  3'5-4. 
O.  =  2  0!M-2-20.'j ;  ^-161  Haid.  Luster  vitreona  ;  of  b  pearly. 
Color  white ;  occasionally  yellow,  brown  or  red,  to  brick-re^. 
Streak  uncolorud.  Transparent  to  tmnsluccnt.  Optically  — .  Ax. 
pi.  \  b.  Bx,  inclined  5°  to  axis  ii  in  obtuse  angle  A  f;  hence  Bx.  A  ^  =  - 
60'.    Ax.  angle  approx.  52"  to  53°  (blue  glass);  /J  =  1-498. 


■7623:  1:  11940;  /J-SO'SO'. 
1  penetration- twins  with  tw.  p]. 
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Comp^For  most  varieties  H,(Na„Ca)Al,Si,0.,+ 4H,0  or  (Na„Ca)O.Al,0,. 
6SiO,.6H,0  =  Silica  57-4,  alumiDa  16'3,  lime  7-7,  soda  1-4,  water  17  2  =  100. 
Here  Ca:  Na,  =  6:1. 

Some  kinds  show  a  lower  percentage  of  silica,  and  these  have  been  called  hypoaiilbite. 

Pyr.,  etc. — B.B.  exfoliates,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 
fuses  to  a  white  enamel.  F.  =  1^2*5.  Decomposed  by  hydrochloric  acid,  without  gela- 
tinizing. 

Din. — Characterized  by  the  frequeucy  of  radiating  or  sheaf-like  forms ;  by  the  pearly 
luster  on  the  clinopinacoid.    Does  not  gelatinize  with  acids. 

Ob«. — Stilbite  occurs  mostly  in  cavities  in  umygdaloidal  basalt,  and  similar  rocks.  It  is 
also  found  in  some  metalliferous  veins,  and  in  granite  and  eneiss. 

Abundant  on  the  FflrOer;  in  Iceland;  on  the  Isle  of  Skye,ln  amygdaloid;  also  in  Dumbar* 
tODshire,  Scotland,  in  red  crystals ;  the  Giant's  Causeway,  Ireland  ;  at  Andreasberg  in  the 
Harz,  and  Eongsberg  and  Arendal  in  Norway,  with  iron  ore  ;  on  the  Seisser  Alp  in  Tyrol, 
and  at  the  Puflerloch  (puflerite);  on  the  granite  of  Strieguu,  Silesia.  A  common  mineral 
in  the  Deccan  trap  area  of  British  India. 

In  North  America,  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 
quarries,  Mass.;  at  Phillipstown,  N.  Y. ;  and  at  Bergen  Hill,  New  Jersey  ;  also  at  the 
Hicbipicoten  Islands,  Lake  Superior.  At  Partridge  Island,  Nova  Scotia  ;  also  at  Isle 
Haute,  Digby  Neck,  Cape  Blomidon,  etc. 

The  name  %tUbiU  is  from  GviXfirj,  luster;  and  dumine  from  StanTf,  a  bundle. 

Olsmondite.  Perhaps  CaA1«Si40js  4-4HaO.  In  pyramidal  crystals,  pseudo-tetragonal. 
H.  =  4*5.  G.  =  2*265.  Colorless  or  white,  bluish  white,  gniyish,  reddish.  Occurs  in  the 
leucitophyre  of  Mt.  Albano.  near  Rome,  at  Capodi  Bove,  and  elsewhere,  etc. ;  on  the  Glorner 
glacier,  near  Zermatt;  Schlauroth  near  GOrlitz  in  Silesia;  SalesI,  Bohemia,  etc. 

ZjAnMONTZTB.     Leonhardite.     Caporcianite. 

Monoclinic.     Axes  a:i:t-  1-1451  :  1  :  05906;  /?  =  68°  46'. 

Twine  :  tw.  pi.  a.  Common  form  the  prism  m  {mm'"  =  93°  44')  with 
oblique  termination  e,  201  {ce  =  56°  55').  Also  columnar,  radiating  and 
diyergent. 

Cteavage  :  b  and  m  very  perfect ;  a  imperfect.  Fracture  uneven.  Not 
very  brittle.  H.  =  3*5-4.  G.  =  2*25-2*36.  Luster  vitreous,  inclining  to 
pearly  upon  the  faces  of  cleavage.  Color  white,  passing  into  yellow  or  gray, 
sometimes  red.  Streak  uncolored.  Transparent  to  translucent ;  becoming 
opaque  and  usually  pulverulent  on  exposure.  Optically  — .  Ax.  pi.  |  b, 
Bx^  A  <J  =  +  65**  to  70°.  Dispersion  large,  p  <  v;  inclined,  slight.  2Er  =  52° 
24'. 

Comp^Tar.— H,CaAl,Si,0,,+  2H,0  =  4H,O.CaO.Al,0,.4SiO,=  Silica  511, 
alumina  21*7,  lime  11-9,  water  15*3  =  100. 

Leonhardite  is  a  laumontite  which  has  lost  part  of  its  water  (to  one  molecule),  and  the 
same  is  probAbI v  true  of  caporcianite.  Schneiderite  is  laumontite  from  the  serpentine  of 
Monte  Catini,  Italy,  which  has  undergone  alteration  through  the  action  of  magnesian 
solutions. 

P3rr.,  etc.— B.B.  swells  up  and  fuses  at  2*5-3  to  a  white  enamel.  Gelatinizes  with 
hydrochloric  acid. 

Obs.— Occurs  in  the  cavities  of  basalt  and  similar  eruptive  rocks;  also  in  porphyry  and 
syenite,  and  occasionally  in  veins  traversing  clay  slate  with  calcite. 

Its  principal  localities  are  the  FflrOer;  Disko  in  Greenland;  in  Bohemia,  at  Eule  in  clay 
slate;  St.  Gotbard  in  Switzerland;  the  Fassathal;  the  Kilpatrick  hills,  nenr  Glasgow;  the 
Hebrides,  and  the  north  of  Ireland.    In  India,  in  the  Deccan  trap  area,  at  Poona.  etc. 

Peter^s  Point,  Nova  Scotia,  affords  fine  specimens  of  this  species.  Found  at  Phippsburg, 
Maine.  Abundant  in  many  places  in  the  copper  veins  of  I^ake  Su|  erior  in  trap,  and  on 
I.  Royale;  on  north  shore  of  Lake  Superior,  between  Pigeon  Bsy  and  Fond  du  Lac.  Found 
also  at  B«rgen  Hill,  N.  J.;  at  the  Tilly  Foster  iron  mine,  Brewster.  N.  Y. 

LaalMUsito.  GaflAltSi»Oi»  +  6H9O.  Resembles  stilbite.  H.  =  4'5>5.  O.  s  2*23. 
Color  tnow-white.    Oocurs  upon  phillipsite  in  basalt  at  Lauban,  Silesia. 
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Chabazite 
Gmelinite 
Levynite 


Chabazite  Group.    Bhombohedral. 

rr'  6 

(Ca,Na,)Al,Si,0„  +  6H,0,  pt.       85^  14'      1-0860 

68°    8'      0-7345 

73°  56'      0-8357 


(Na,Ca)Al,Si,0.,  +  6H,0 
CaAl,Si,0.,  +  5H,0 


or  |<5 


1-1017 
1-1143 


'J'he  Giiabazite  Group  includes  these  three  rhombohedral  species.     The 

fundamental  rhoinbohedrons  have  different  angles,  but,  as  shown  in  the  axial 

ratios  above,  they  are  closely  related,  since,  taking   the  rhombohedron  of 

Chabazite  as   the  basis,  that  of  Gmelinite  has  the  symbol  §(20S3)  and  of 

Levynite  }(3034). 

T]ie  variation  in  composition  often  observed  in  tbe  first  two  S|)ecie8  has  led  to  the  rather 
plausible  hypothesis  that  they  are  to  be  viewed  as  isomorphous  mixtures  of  the  feldspar-like 
compounds 

(Ca,Na,)AUSi,0,  -f  4H,0.  (Ca,Na,)Al,Si«0,«  +  8H,0. 


Rhombohedral.     Axis  d  =  1-0860;  0001  A  lOll  =  51°  25J'. 

892.  893.  894. 


Phacolite. 

Twins:  (1)  tw.  axis  6,  penetration-twins  common.  (2)  Tw.  pi.  r,  contact- 
twins,  rare.  Form  commonly  the  simple  rhombohedron  varying  little  in  angle 
from  a  cube  (rr'  =  85°  14');  also  r  and  e  (Oll2),  {ee'  =  54°  47').  Also  in 
complex  twins  (Fig.  348,  p.  118).     Also  amorphous. 

Cleavage:    r  rather    distinct.      Fracture    uneven.      Brittle.     H.  =  4-5. 

G.  =  2-08-^*-16.     Luster  vitreous.     Color  white,  flesh-red;  streak  nncolored. 

Transparent  to  translucent.     Optically  — ;  also  +  (Andreasberg,  also  hayden- 

ite).     Birefringence  low.   The  interference-figure  usually  confused;  sometimes 

distinctly  biaxial;  basal  sections  then  divided  into  sharply  defined  sectors  with 

dilTerent  o])tical  orientation.     These  anomalous  optical  characters  probably 

secondary  and  chiefly  conditioned  by  the  variation  in  the  amonnt  of  water 

present.     Mean  refractive  index  1*5. 

Var— 1.  Ordinaf-y.  Tiie  most  common  form  U  the  fiindnmental  rhombohedron,  in 
wliicli  the  angle  is  so  near  90°  that  the  crystals  were  at  fii>t  mistaken  for  cuhes.  AcadialiU, 
from  Nova  Scotia  (Acaditi  of  the  French  of  last  century),  is  a  reddish  chabazite;  somelimefl 
nearly  colorless.  IlaydeuiU  is  a  yeilowisii  variety  in  small  crystals  from  Joneses  Falls,  nenr 
Baltimore,  Md.  2.  PhacoliU  is  \\  colorless  variety  occurring  in  twins  of  hexagonal  form 
(Fig.  894),  and  lenticular  in  sh-pe  (whence  the  name,  from  0  rK'Js,  abean)\  the  original 
wa.s  from  Leipa  in  Bohemia.  Here  belongs  also  herfcheliU  (seebacliite)  from  Richmood, 
Victori  i;  the  conjposite  twins  of  great  variety  and  beauty.  Probably  also  the  original 
herschclite  from  Sicily.  It  occurs  in  flat,  almost  tabular,  hexagonal  prismi  wilh  rounded 
terminations  divided  into  six  sectors. 
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Comp.— Somewhat  uncertain,  since  a  rather  wide  variation  is  often  noted 
even  among  specimens  from  the  same  locality.  The  ratio  of  (Ca,Na3.K,)  :  Al 
is  nearly  constant  (=  1  :  1),  but  of  Al,  :  Si  varies  from  1  :  3  to  1  :  5;  the  water 
also  increases  with  the  increase  in  silica.  The  composition  usually  corre- 
sponds to  (Ca,Na,)Al,Si^O„  -|-  6H,0,  which,  if  calcium  alone  is  present,  requires: 
Silica  47-4,  alumina  20*2,  lime  IVl,  water  21-3  =  100.  If  Ca  :  Na,  =  1:1,  the 
percentage  composition  is:  Silica  47*2,  alumina  200,  lime  5*5,  soda  6*1,  water 
21-2  =  100. 

PoUissiiim  is  present  in  small  amount,  also,  somet'mes,  barium  and  strontium.  Btreng 
explains  the  supiMised  facts  most  satisfactorily  by  tbe  h>'i)o:besis  tbat  tbc  members  of  the 
group  are  isomorpbous  mixtures  analogous  to  tbe  feidspnrs,  as  noted  on  p.  453. 

P3rx'.,  etc.— B.B.  iutumesces  aud  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed 
by  bydrocbloric  acid,  wiib  separation  of  slimy  silica. 

Diff.  — Cbunicterized  by  rhomboliedral  form  (resembling  a  cube).  It  is  harder  than 
calcite  and  does  not  effervesce  with  acid;  imlike  ciilcite  and  Buorite  in  cleavage;  fuses  B.B. 
with  intumesceDce  unlike  analcite. 

Obii.— Occui-s  mo.4ly  in  basahic  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist, 
bornblendic  schist.  Occurs  at  tbe  Fftr5er,  Greenland,  and  Iceland,  associated  wiib  chlorite 
and  stilbite;  at  Aussig  in  Bohemia;  at  Oi>erstein.  with  harniotome;  at  Anrcrod,  near 
Giessen;  at  the  Giant's  Causeway,  Antrim,  Renfrewsliire;  Isle  of  Skye.  etc. 

In  the  U.  S.,  in  syenite  at  Somcrville.  Mass.;  at  Bergen  Hill,  if.  .J.,  in  small  crystals; 
at  Jones's  Falls  near  Baltimore  {haydenite).  In  Nova  IScoti?i.  wine  yellow  or  tlesb-red  (the 
lust  the  acfidialiu),  associated  witli  lieulandite,  analcite  and  calcite,  at  Five  Islands,  Swan's 
Creek,  Digby  Neck,  etc. 

Tbe  name  Chabatite  is  from  ;ta/^<?C2o?,  an  ancient  name  of  a  stone. 


896. 


896. 


GMSUNITE. 

Rhombohedral.    Axis  <5  =  0  7345. 

Crystals  usually  hexagonal 
in  aspect;  sometimes  p  (0111) 
smaller  than  r  (lOll),  and  habit 
rhombohedral  ;  rr'  =  68°  8', 
rp  =  37°  44'. 

Cleavage:  m  easy  ;    c  some- 
times distinct.   Fracture  uneven. 
Brittle.     H.  =-■  4*5.     G.  =  2  04- 
2'17.    Luster  vitreous.   Colorless, 
yellowish  white,  greenish  white, 
reddish  white,  flesh-red.     Transparent   to  translucent.     Optically  positive, 
Cyprus,  also  negative,  Andreasberg,  the  Vicentine,  and  Glenarm,  N.  Scotia- 
Birefringence  very  low.   Interference-figure  often  disturbed,  aud  basal  sections 
divided  optically  into  section  analogous  to  rhabazite. 

Comp.-— In  part  (Na,,Ca)Al,Si^O„  +  6H,0.  If  sodium  alone  is  present 
this  requires:  Silica  469,  alumina  19-9,  soda  12-1,  water  21*1  =  100.  See  also 
p.  458. 

F3rr .  etc.— -B.B.  fuses  easily  (F.  =  2*5-3)  to  a  wliite  enamel.  Decomposed  by  bydro- 
cbloric acid  with  separation  of  >ilica. 

Oba.— Occurs  in  flesli-rcd  crystals  in  amypdaloidal  rocks  nt  Moutecchio  Maggiore;  at 
Andreasberg;  in  Transylvania;  Antrim.  Ireland:  Talisker  in  Skye,  in  largo  colorlcs 
crystals. 

In  the  Unite<l  States  in  fine  white  crystals  at  Bergen  Hill,  N.  J.  At  Cape  Blomidon» 
Nova  Sootfa  {ledererite)\  also  at  Two  Islands  and  Five  Islands. 

Named  OmeHHtU.  after  Prof.  Cli.  Gnielin  of  Tubingen  (179^1860). 

Itetynitov  CaAUSisO.o-f  5HaO.  In  rhombohedral  crystals.  H.  =  4-4*5.  G.  =  2-09- 
■  2*16.     Colorlen,  white,  grayish,  reddish,  yellowish.    Found  at  Glenarm  and  at  Island 
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Magee,  Antrim;  at  DalsDypeD,  FftrOer;  in  Iceland;  in  the  basalt  of  Table  Mountain  near 
Golden,  Colonido. 

Ofifretite.     A  potash  zeolite,  related  to  the  species  of  the  chabazite  group.    In  basalt 
of  Mont  Siniioiise.  France. 


897. 


898. 


f^^ 


a 


W__A7 


ANALCITE.     Auulcinie. 

Isometric.    Usually  in  trapezohedrons;  also  cubes  with  faces  n  (211);  again 

the  cubic  faces  replaced  by  a 
vicinal  trisoctabedron.  Some- 
times in  composite  groups 
about  a  single  crystal  as  nu- 
cleus (Fig.  351,  p.  119).  Also 
massive  gnuiular;  compact 
with  concentric  structure. 

Cleavage:  cubic,  in  traces. 
Fracture  subconchoidal.  Bri^ 
tie.  H.  =  5-5-5.  G.  =  222- 
2-29;  2-278  Thomson.  Luster 
vitreous.  Colorless,  white;  occasionally  grayish,  greenish,  yellowish,  or 
reddish  white.  Transparent  to  nearly  opaque.  Often  shows  weak  double 
refraction,  which  is  apparently  connected  with  loss  of  water  and  consequent 
change  in  molecular  structure  (Art.  411).     w^  =  1*4874. 

Comp.— NaAlSi,0.+  H,0  =  Na,O.Al,0,.4SiO,.2H,0  =  Silica  54*5,  alumina 
23-2,  soda  141,  water  8*2  =  100. 

Pyr.,  etc. — Yields  water  in  the  closed  lube.  B.B.  fuses  at  2*5  to  a  colorless  glass. 
Gelatinizes  with  hydrochloric  acid. 

Diff.— Characterized  by  tmpezohedral  form,  but  is  softer  tban  garnet,  and  yields  water 
B.B  ,  unlike  leucite  (which  is  also  infusible);  fuses  without  intumescence  to  a  clear  glass 
unlike  chabazite. 

Recognized  in  tbin  sections  by  its  very  low  relief  and  isotropic  character;  often  shows 
optical  anomalies  From  leucite  and  sodalitc  surely  distinguished  only  by  chemical  tests, 
i.e.,  absence  of  chlorine  in  the  nitric-acid  test  (see  sodalite,  p.  444),  absence  of  much  potash 
and  abundance  of  soda  in  the  solution,  and  evolution  of  much  water  from  the  powder  in  a 
closed  glass  tube  below  a  red  heat. 

Obs. — Occurs  frequently  with  other  zeolites,  also  pvchnite.  calcite,  etc.,  in  cavities  and 
seams  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.;  also  in  granite,  gneiss,  etc.  Recently 
shown  to  be  also  a  rather  widespread  comi>onenl  of  the  groundmass  of  various  basic 
igneous  rocks,  at  limes  being  the  only  alkali-alumina  silicate  present,  as  in  the  so-callcKl 
analcitc-basalts.  Has  been  held  in  such  cases  to  he  a  primary  mineral  produced  by  the 
crystallization  of  a  magma  conlaiuing  considerable  soda  and  water  vapor  held  under 
pressuie 

Tlie  Cyclopean  Islands,  near  Catania,  Sicily,  afford  pellucid  crystals;  also  the  Fassathal 
in  Tyrol*  other  localities  are,  in  Scotland,  in  the  Kilpatrick  Hdls;  Co.  Antrim,  etc,  lu 
Ireland;  the  Fiiroer;  Iceland;  near  Ausyig,  Bohemia;  at  Arendal,  Norway,  in  beds  of  iron 
ore;  at  Andrtasberg,  in  the  Ilnrz,  in  silver  mines. 

In  the  U.  S.,  occurs  nt  Bergen  Hill  New  Jersey;  in  gneiss  near  Yonkers,  Westchester 
Co.,  N.  Y.;  abundant  in  tine  crystal**,  with  prehnite,  datolite,  and  calcite,  in  the  Lake 
Superior  region;  at  Table  Mt.  near  Golden,  Colorado,  with  other  zeolites.  Nova  Scotia 
afford.s  tine  specimens. 

Tlie  name  Analcime  is  from  dvaXKi^  weak,  and  alludes  to  its  vireak  electric  power 
when  heated  or  rnl)l)ed.     The  correct  dirivuiive  is  analciie,  as  here  adopted  for  the  species. 

Fayyasite.     Perhaps  H4Na2(\iAl4SI,,0,H  -f  1811,0. 

In  isometric  octahedrons.  II.  =  5.  G.  =  1  923.  Colorless,  white.  Occurs  with  augite 
In  the  limburgite  of  Sasbach  in  the  Kaiserstuhl.  Baden,  etc. 

Edingtonite.  Perhaps  BaAUSiiO.o  -f-  3H,0.  Crystals  pyramidal  In  habit  (tetragODat- 
sphenoidal):  also  massive.  H.  =  4-4  5.  G  =2*694.  White,  grayish  white,  pink. 
Occurs  in  the  Kilpatrick  Hills,  near  Glasgow,  Scotland,  with  harmotome. 


Ntttrolite  Qroup. 


Ortborhombio  and  Monocliaic. 
d:i:l 


IiboUU 


Na,AI,Si,0„  +  2H,0 


0-9785  :  1 
1 


0-9764 


0-3536 
i  ,S 

0-3434  89"  18' 


SoolMita  Ca(A10H),(SiO,),  +  2H,0 

If.^llt.  JNa.Al,Si,0,.  +  2H0 

""••"•  I  2[CaAl,Si.6,.  +  3li,0] 

Tlie  iliiee  spticiet  of  Ibe  Natholitec  Okoup  agree  closely  in  ftngle.  tlioiigb  Tnryiag  In 
cryBialliue  syBtem  ;  Natrulile  is  urtborliuinbic  usually,  also  rurely  moiiocliaic;  Bcuk-cite  la 
inonoclliiic,  perha|ks  niso  iu  piirl  trlcliDlc:  MesuJite  seemB  to  be  botli  moDoclinic  aud  trl- 
clfiilc.     Fibrous,  nidifitiug  or  diTerguut  gruu  s  are  commoD  to  all  tbese  BpecltB. 

Tlie  Natrulite Group  includes  tbe  sciiliiim  silicate,  Natrollle,  wlih  Ihe  emplrind  formula 
Na.AI,8I.O,..2H,0;  the  calcium  sillcale,  Bcolecile.  CaAI,Bi.O„.SH,0;  aleo  HeeoliM 
iDtermedittte  belweeo  these  an. I  correspondiug  to  {  ^Cait.st'o^rBH^o''- 


HATROLITZl.     Nadelzeolllb  Ovrm. 
Orthorhombic.  •    Aiea  a  ;  5  :  <!  =  0-97S5  : 1  :  0-3536. 

mm'".  110  A  liO  =  88"  451'.  8**-  Ma 

rm/,    no  A  111  =  w  n'. 

oo".       Ill  A  ill  =37°38'. 

<w"'.     Ill  A  ill  =80*4Ti'. 

Gryatnle  prismatic,  usuuUy  very  slender  to 

acicnlar;  frequently  divergent,  or  in  stellate 

group.     Also  Gbrous,  radiating,  tnaseive,  gran- 

ulHf,  or  compact. 

Cleavage:  m  perfect;  b  imperfect,  perliapa 
only  a  plane  of  parting.  Fracture  nneven. 
H.  =  5-5-5.  G.  =  2  20--^-25.  Liiater  vit- 
reona,  sometimes  inclining  to  pearly,  especially  in  fibrous  varieties.  Color 
wbite,  or  colorless;  to  grayish,  yellowish,  reddisli  to  red.  Transparent  to 
translucent.  Optically +.  Ax.  pi.  D  J.  Bx  J.  c.  2Ep=93"28'.  ■>?,  =  1-4T97; 
y  -a  =  0 012. 

V«r. — Ordinary.  Comm'Hily  either  (a)  in  groups  of  slender  colorlca*  prismatic  crys. 
tals,  varyiinr  but  lillie  in  iingle  from  squnru  prisms,  often  aciculiir,  or  (6)  in  libnnisdiver. 
gent  or  lailiated  miisscs.  vlireuus  in  luster,  or  l>uislit'hlly  peiirty  (these  riidiiileil  forms  often 
rrtiemble  thiiseof  Ihomsoniteand  peclolile);  often  nls"(elsoii4l  amygdulea,  usmilly  railiaieil 
tlbrou%  aii'l  somewhot  silky  In  luster  wiihiii;  (rf>  rnrely  cnmpiicl  mnssive.  Gataelite  la 
urdiiinrily  nalrolite,  in  colorless  needles  from  souihern  Scollntid. 

Birgmtanilt.  tpi-entUtn,  brevieitt.  are  niiines  wliicli  liave  been  piveo  to  the  nalrolile 
from  llie  ■iigite-syenile  of  sontbeni  Norwiiy.  on  Iho  Liingci-niiii  Hmd.  in  ihu  ■•Bievik" 
reijion,  where  it  occurs  fllmnis.  maHsive.  and  in  long  prisiimlic  rryiliilljzalions,  and  finri 
wiille  [oreil  Id  color.     Derived  in  purl  from  pl:eoliie,  in  part  fvnn  wi'lnliti'.     Iron-natraiitt 


orpU.. 


i^,  from  llic  Urevik  region;  the 


Com 


-Na,Al,Si,0.„  +  211,0  or  Na,O.AI,0,.3SiO, +  211,0  =  Silica  47  4, 
alumina 26-8,  Na,0  I6;i,  water  ft-fi  =  100. 

Pyr.,  «to.— In  the  closed  Inlie  whitens  iind  becomes  opaque.  B.B.  fuses  quift  ly  nl  2  to 
■  colorleM  glaa*.  Fusible  lu  the  fliune  of  an  ordmitry  slearine  or  wuk  caorllc.  Gelaiiui£cs 
with  nclda. 

IMA— Dlatlngulsbed  from  aragouite  and  jieclolile  by  Its  easy  fusibility  and  gelatiuizntion 
with  Acld. 

0b*.— OcGun  in  cavities   In  amygdnioidal    basnil,  and  other  relatid  igneous  roi:k.<!. 

*Id  rare  CBSes  tbe  crystals  seem  to  be  muuocliuic 
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somcMiiiies  in  seams  iu  granite,  gneiss,  and  syenite.  Found  at  Aussig  and  Teplitz  in  Bobe- 
mia;  in  fine  crystals  in  Auvergne;  Fassathnl,  Tyrol;  Kapnik,  Hung..ry.  In  red  aniy^dules 
(crocalite)  in  amygdaloid  of  Ireland,  Scotland  and  Tyrol;  ihe  amygdaloid  i^  3?«»hopton 
{galacUU)\  at  Glen  Farg  (fargite)  in  Fifesiure.  Common  in  the  augite-syeuiie  of  tbe  Lange- 
sund  fiord,  ne.irBrevik,  southern  Norwjiy. 

In  Norih  Auuriai,  in  the  trap  of  Nova  Scoiia;  at  Bergen  Hill,  N.  J.;  at  Copper  Falls, 
Lake  Superior. 

Named  Meiotype  by  Hatty,  from  //ecro?,  middle,  and  rvVoS,  /y/:e,  because  tbe  form  of 
the  crystal— in  his  view  a  square  prism — was  intermediate  between  the  forms  of  stilbile  and 
analcite.  Natrolite,  of  Klaproih,  is  from  natron,  soda;  it  alludes  to  the  presence  of  fcoila, 
whence  also  the  name  sooameioiype,  in  contrast  with  scolecite.  or  lime-meaotppe. 

800LE0ITE. 

Monoclinic.     Axes  a.O:i  =  0  9764  :  1  :  0-3434;  /?  =  89°  18/ 

Crystals  slender  prismatic  (mm'"  =  88°  374'),  twins    showing  a  featiier- 

like  striation  on  6,  diverging  upward;  also  as  penetration-twins.     Crystals  in 

divergent  groups.     Also  massive,  fibrous  and  radiated,  and  in  nodules. 

Cleavage:  7n  nearly  perfect.    H.  =  5-5*5.    G.  =  216-ti-4.     Luster  vitreous, 

or  silky  when  fibrous.     Transparent  to  subtranslucent.     Optically  — .   Ax.  pi. 

and  Bxo  ±b.     Bx^  A  i  =  15°-16".     2Ha.r  =  32"  2G'.     /?  =  1-4952. 

Comp.— CaAl,Si,0..  +  3H,0  or  CaO.Al,0..3SiO,.3H,0  =  Silica  459,  alu- 
mina 26-0,  lime  14*3,  water  13-8  =  100. 

Pyr.,  etc.— B.B.  sometimes  curls  up  like  a  worm  (whence  the  name  from  aKajXt/^,  a 
vortn,  which  gives  aeolecite,  and  not  scoUatie  or  scoUeite);  otlrer  vnrieties  intumesce  but 
slightly,  and  all  fuse  at  2-2  2  to  a  white  blebby  enamel.  Gelatinizes  with  acids  like 
Datrolitc. 

Obs. — Occurs  in  the  Berufiord,  Iceland;  in  amygdaloid  at  Staffa:  in  Skye.  nl  Talibker; 
near  Eisei^ai  h.  Saxony;  in  Auvergne;  common  in  tine  crystnllizalitmH  in  the  Deccnn  trap 
area,  in  British  India.  In  the  United  States,  in  Colorado  at  Table  Mountain  near  Golden 
in  cavities  in  basalt.     In  Canada,  at  Black  Luke,  Megantic  Co.,  Quebec. 

Mesolite.  Intermediate  between  natrolile  and  scolecite  (see  p.  432).  In  acicular 
and  capillary  crystals;  delicate  divergent  tufts,  etc.  G.  =  2  29.  White  or  colorless.  Iu 
amygdidoidal  basalt  at  numerous  points. 

THOMSONTTE. 

Ortborhohibic.     Axes  a  :  i  :  i  =  0*9932  :  1  :  1-0066. 

Distinct  crystals  rare;  in  prisms,  vim'"  =  89°  37'.  Commonly  columnar, 
structure  radiated;  in  radiated  spherical  concretions;  also  closely  compact. 

Cleavage:   h  perfect;  a  less  so;  c  in  traces.     Fracture  uneven  to  subcon- 

choidal.    Brittle.     H.  =  5-5*5.     G.  =  2-3-2*4.     Luster  vitreous,  more  or  less 

pearly.     Snow-white;  reddish,  green;  impure  varieties  brown.     Streak  uncol- 

ored.     Transparent  to  translucent.     Pyroelectric.     Optically  -f .     Ax.  pi.  |  c 

Bx  J_  h.     Dispersion  p>  v  strong.     2Er  =  82^     A  =  1-503. 

Var.— 1.  Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectangular  in  out- 
line, prismatic  in  habit,  ib)  Pi  isms  sbnder.  often  vesicular  to  radiated,  (c)  liadiuted 
fibrous.  ((/)  Spbcricul  concretions,  consisting  of  nidiated  fibers  or  slender  crystals.  Also 
massive.  grMUulfir  to  impalpable,  and  whit**  to  reddish  brown,  less  often  green  as  in  Union' 
iU.  The  spherical  massive  forms  also  nidiated  with  several  centers  and  of  varying  colors, 
Ist'nce  of  much  beauty  when  polished.  OtarkiU  is  a  white  massive  thomsouite  from 
Arkansas. 

Comp.- (Na,,Ca)Al,Si,0.  +  f H,0  or  (^X.Ca)O.Al,0,.'2SiO,.{H,0.  The 
ratio  of  Na,  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Na,  =  3:1  the  percentage 
composition  requires:  SiO,  37*0,  A1,0,  31*4,  CaO  129,  Na,0  4-8,  H,0  13-9  = 
100. 

Pyr..  etc.— B.B.  fuses  with  intumescence  at  3  to  a  white  enamel.     GeUtinises  with 
hydrochloric  aci<i. 

Diff. — Resembles  some  Datrolite,  but  fuses  to  an  opaque  not  to  a  clear  glaiB. 
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Obs. —Found  in  cavities  in  lava  in  amygdaloidal  igneous  roc'ks,  sometimes  with 
eUeolite  as  a  result  of  its  alteration.  Occui*8  near  Eilpatrick.  Scotland:  in  tlie  lavas  of 
Somma  {eomptonite);  iu  basalt  nt  tlie  Pflasterkaute  in  Suxe  Weimar;  in  i^)hemia,  in  phono- 
lite;  the  Cyclopean  isliiud^.  Sicily;  near  Brevik,  Norwiiy;  the  FftrOer;  Iceland  (carpho- 
stilbite,  straw-yellow):  at  Mt.  Mouzoni,  Fassatbal. 

Occiiii  at  Peter's  Point,  Nova  Scotia.  In  the  U.  8.  at  Magnet  Cove  (oearkile)  in  the 
Ozark  Mts.,  Arkansas;  iu  the  amygdaloid  of  Grand  Marais,  L.  Superior,  which  yields  the 
water-worn  pebbles  resembling  agate,  in  part  green  {linionite);  iu  the  basalt  of  Table  Mt. 
near  Golden,  Colo. 

Hydronephelite.  HNa,Alt8itOi,  +  8H,0.  Massive,  radiated.  H.  =  4  5-6.  G  =  3*263. 
Color  white;  also  dark  gray.  From  Litchfield,  Maine.  Raniie  from  the  Langesund  fiord» 
Norway,  is  similar. 


11.  Mica  Division. 

The  species  embraced  under  this  Division  fall  into  three  groups:  1^  the 
Mica  Group,  including  the  Micas  proper;  2,  the  Clintonite  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Vermiculites,  hydrated  compounds  chiefly  results  of  the  alteration  of  some  one 
of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  yield  easily  thin  laminae.  They 
belong  to  the  monociinic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  plane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  C0°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  hex- 
agonal or  rhombohedral  symmetry;  further,  they  are  more  or  less  closely 
related  among  themselves  in  the  angles  of  prominent  forms, 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c,  the  chlorites  from  10  to  13  p.  c;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hydrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  which  show  dis- 
tinctly a  mica-like  structure  and  cleavage  and  also  pseudo-hexagonal  symmetry. 

1.  Mica  Group.     Monociinic. 

MnfoOYite  Potassium  Mica  n,KAl,(SiO,), 

a  :  i  :  (5  =  0-57735  :  1  :  3  3128      /J  =  89°  54' 
Paragonite         Sodium  Mica  H,NaAl,(SiOJ, 

LepidoUte  Lithium  Mica  KLi[Al(OH,F) JAl(SiO.),  pt. 

Zinnwaldite       Lithium-iron  Mica 

n  m 

Biotite  Magnesium-iron  Mica    (H.K),(Mg,Fe),(Al,Fe),(SiO,),  pt. 

a:i  :i  =  0  57735  :  1  :  3*2743       /?  =  90°  0' 
Phlogopite      •  (H,K,(MgF)  ),Mg.Al(SiO  J, 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 
Lepidomelane  Annite 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monociinic  system,  but 
with  a  clasa  approximation  to  either  rhombohedral  or  orthorhombic  symmetry; 
the  plane  angles  of  the  base  are  in  all  cases  60°  or  120''.     They  are  all  charac* 
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901. 


terized  by  highly  perfect  basal  cleayage,  yielding  very  thin,  tough,  and  more 
or  less  elastic  laminae.  The  negative  bisectrix^  a,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  bnt  a  few  decrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figare,  which  for  the  pseado-rhombohedral 
Kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above,  biotite 
has  usually  a  very  small  axial  angle,  and  is  often  sensibly  unaxial;  the  axial 
angle  of  phlogopite  is  also  small,  usually  10°  to  12'';  for  muscovite,  para- 
gonite,  lepidolite  the  angle  is  large,  in  air  commonly  from  50®  to  70**. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  bnt  little  from  90°;  they  show  to  a  considerable 
extent  the  same  forms,  and  their  isomorphism  is  further  indicated  by  their  not 
infrequent  intercrystallization  in  parallel  position,  as  biotite  with  muscovite, 
lepidolite  with  muscovite,  etc. 

A  blow  with  a  somewhat  dull-pointed  instrument  on  a  cleavage  plate  of 
mica  develops  in  all  the  species  a  six-rayed  percuss  ion- figure  (Fig.  901,  also 
Fig.  477,  p.  149),  two  lines  of  which  are  nearly  parallel  to  the  prismatic 

edges;  the  third,  which  is  the  most  strongly  character- 
ized (Leitstrahl  Germ,),  is  parallel  to  the  clinopinacoid 
or  plane  of  symmetry.  Ihe  micas  are  often  divided 
into  two  classes,  according  to  the  position  of  the  plane 
of  the  optic  axes.  In  the^r^^  class  belong  those  kinds 
for  which  the  optic  axial  plane  is  normal  to  b  (010),  the 
plane  of  symmetry  (Fig.  901);  in  the  second  class  the 
axial  plane  is  parallel  to  the  plane  of  symmetry.  The 
percussion -figure  serves  to  fix  the  crystallographic 
orientation  when  crystalline  faces  are  wanting.  A 
second  series  of  lines  at  right  angles  to  those  men- 
tioned may  be  more  or  less  distinctly  developed  by 
pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
fif/ure;  this  is  sometimes  six-rayed,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  901  the  position  of  the  pressure- 
figure  is  indicated  by  the  dotted  lines.  These  lines  f\re  connected  with  gliding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  Jlrst  class  include:  Muscovite,  paragonite,  lepidolite, also 
some  rare  varieties  of  biotite  called  anomite. 

The  second  class  embraces  :  Zinnwaldite  and  most  biotite,  including 
lepl^lonielaiie  and  phlogopite. 

Cliemicjilly  considered,  the  micas  are  silicates,  and  in  most  cases  orthosili- 
cates,  of  aluniiiiiuiu  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  (.'a\siinn);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which  they  contain. 


MUSOOVTTB.     Common  Mica.     Potash  Mica.    Kaliglimraer  Qerm. 

Monoclinic.     Axes  a:h\i  =  0-57735  :  1  :  3-3128;  /?  =  89°  54'. 

Twins  common  according  to  the  mica-laio :  tw.  plane  a  plane  in  the  aone 
df  normal  to  c,  the  crystals  often  united  by  c.  Crystals  rhombic  or  hexagonal 
in  outline  with  plane  angles  of  60*^  or  120°.  Habit  tabular,  passing  into  Uper- 
ing  forms  with  planes  more  or  less  rough  and  strongly  striated  horizontallji 
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vicinal  forms  common.  Folia  often  very  small  and  aggregated  in  stellate^ 
plumose,  or  globular  forms;  or  in  scales,  and  scaly  massive;  also  crypto- 
crystalline  and  compact  massive. 

Cleavage:  basal,  eminent.     Also  planes  of  secondary  cleavage  as  shown  in 
the  percussion-figure  (see  pp.  464  and  149);  natural  plates  hence  often  yield 
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narrow  strips  or  thin  fibers  |  axis  5,  and  less  distinct  in  directions  inclined  60° 
to  this.  Thin  laminad  flexible  and  elastic  when  bent,  very  tough,  harsh  to  th( 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  lest 
unctuous  or  talc-like  feel.  Etching-figures  on  c  monoclinic  in  symmetry 
(Fiff.  481,  p.  150). 

H.  =  2-2.5.  G.  =  2*76-3.  Luster  vitreous  to  more  or  less  pearly  or 
8ilky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow, 
dark  olive-green,  rarely  rose-red.  Streak  uiicolored.  I'ransparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep  colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions I  b,  c)  strong,  much  more  so  than  transversely  (vibrations  ||  a);  hence  a 
crystal  unless  thiti  is  nearly  or  quite  opaque  in  the  first  direction  though  trans- 
lucent through  the  prism.  Optically  — .  Ax.  pi.  J_  ^  and  nearly  J_  c  Bx» 
(=  a)  inclined  about  —  1°  (behind)  to  a  normal  to  c.  Dispersion  p  >  r. 
Axial  angle  variable,  usually  about  70°,  but  diminishing  to  50°  in  kinds 
(phengite)  relatively  high  in  silica.  Birefringence  rather  high,  ;/  —  a  = 
0039;  /Jy  =  1-5941. 

Var. — 1.  Ordinary  Museoriie.  In  crystals  as  above  described,  often  tabular  |  c,  also 
tapering  with  vertical  faces  roiigli  and  striated;  the  basal  plane  often  rough  unless  asdevcU 
oped  by  cleavage.  More  commonly  in  plates  without  distinct  outline,  except  as  developed 
by  pressure  (see  above);  the  plates  sometimes  very  large,  but  pa^isiug  into  fine  scales, 
arranged  in  plumose  or  other  forms.  In  normal  muscovitu  the  thin  lamiuoe  spring  buck 
with  force  wlien  bent,  the  scales  are  more  or  less  harsh  to  the  touch,  unless  very  small,  and 
a  pearly  luster  is  seldom  prominent. 

2.  Damourite.  Including  margarodife,  gilhertile,  hydro-intncorite,  and  most  hydro- 
Micv  In  general.  Folia  less  elastic  ;  luster  somewhat  pearly  or  silky  and  feel  unctuous  like 
talc.  The  scales  are  usually  small  and  it  passes  into  forms  which  are  fine  scaly  or  fibrous, 
as  $erMte,  and  finally  into  the  compact  crypto  crystalline  kinds  called  07iC(y«{;ie.  including 
much  pinite.  Axial  angle  for  damourite  chiefly  from  60**  to  70°.  Often  derived  by  alier- 
atiou  of  cyanite,  topaz,  corundum,  etc.  Although  often  spoken  of  as  hydrous  micas,  it  docs 
not  appear  that  damourite  and  the  allied  varieties  necessarily  contain  more  water  than 
ordinary  muscovite;  they  may,  however,  give  it  off  more  rendil}'. 

MargarodiU,  tis  originally  named,  was  the  talc-like  mica  of  Mt.  Greiner  in  the  Zillerthnl: 
gninular  to  scaly  in  structure,  luster  pearly,  color  grayish  white.  OUhfitite  occurs  in 
whitish,  silky  forms  from  the  tin  mine  of  St.  Ausiell,  Cornwall.  SericiU  is  a  fine  scaly 
muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the  name 
from  (TrffjtKo'f,  $itky, 

Comp^  Var. — For  the  most  part  an  orthosilicate  of  aluminium  and  potas- 
sium (H,K)AlSiO^.  If,  as  in  the  common  kinds,  H  :  K  =  2  :  1,  this  becomes 
H,KAl,(8iOJ,  =  2H,O.K,0.3Al,0,.6SiO,  =  Silica  45-2,  alumina  38  5,  potash 
11-8,  water  45  =  100. 
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Some  kinds  give  a  larger  amount  of  silica  (47  to  49  p.  c.)  than  corresponds  to  a  iiormnl 
ortliosilicate,  ana  they  have  been  called  pfiengiU.  As  shown  by  Clarke,  these  acid  mui}- 
covites  can  be  most  simply  regarded  iis  molecular  mixtures  of  HtKAls'.SiOi)*  and 
H,KAl,(SiiO.),. 

Iron  is  usually  present  in  small  amount  only.  Barium  is  rarely  present,  as  in  oeWfcheriU. 
G.  =  J  88-2*99.  Chromium  is  also  present  in  fac/tsite  from  Schwarzensteiu,  Zillerthal,  aud 
elsewhere. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  which  with  Brazil- wood  often  reacts  for 
flu  )rinu.  B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =  5'7,  v.  Kobell)  to  a  gray  or  yellow 
glaH8.  With  fluxes  gives  reactions  U>r  iron  aud  sometimes  manganese,  rarely  chromium. 
STot  decomposed  by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Diff.— Distinguished  in  normal  kinds  from  all  but  the  species  of  this  division  by  the  per- 
fect bas:il  cleavage  and  micaceous  structure,  the  \yii\e  color  separates  it  fn)m  most  biotiie;  the 
laminre  are  more  flexible  and  elastic  than  those  of  phlogopite  and  still  more  than  those  of 
the  brittle  micas  aud  the  chlorites. 

In  thin  sections  recognized  by  want  of  color  and  by  the  perfect  cleavage  shown  by 
fine  lines  (>is  in  Fig.  907,  p  844)  in  sections  JL  <;,  in  a  direction  pamllel  to  e.  By  reflected 
light  under  the  microscope  the  same  sections  show  a  peculiar  mottled  surface  with  satin-like 
luster;  birefringence  rather  high,  hence  interference-colors  bright. 

Obs. — Muscovite  is  the  most  common  of  the  micas.  It  is  an  essential  constituent  of 
mica  schist  and  related  rocks,  and  is  a  prominent  component  of  certain  common  varieties 
of  granite  and  gneiss;  also  found  at  times  in  fragmental  rocks  and  limestones;  in  volcanic 
rocks  it  is  rare  and  appears  only  as  a  secondary  product.  The  largest  and  beist  developed 
crystals  occur  in  the  pegmatite  dikes  associated  with  granitic  intrusions,  either  directly 
cutting  the  granite  or  in  its  vicinity.  Often  in  such  occurrences  in  enormous  plates  from 
which  the  mica  or  ''isinglass  "  of  commerce  is  obtained.  It  is  then  often  associated  with 
cry.stallized  orthoclase,  quartz,  albite;  also  apatite,  tourmaline,  ^imet,  beryl,  columbite, 
etc.,  and  other  mineral  species  characteristic  of  granitic  veins.  Further,  muscovite  often 
encloses  flattened  cr^'stals  of  garnet,  tourmaline,  also  quartz  in  thin  plates  between  the 
sheets;  further  not  nifrcquently  magnetite  in  dendrite-like  forms  following  in  part  the 
directions  of  the  i)ercus8ion-tigure. 

Some  of  the  best  known  localities,  are:  Abttlil  in  the  Sulzbachthal,  with  ndularia; 
Rothenkopf  in  the  Zillerthal,  Tyrol;  Soboth,  Styria;  St.  Gothard,  Binnenthal,  and  else- 
where in  Switzerland;  Mourne  Mts.,  Ireland;  Cornwall;  Ul6,  Falun,  Sweden;  Skutterud, 
Norway.     Obtained  in  large  plates  from  Greenland  and  the  Kast  Indies. 

In  Maine,  at  Mount  Mica  in  the  town  of  Paris;  at  Buckfield,  in  flne  crystals.  In  N. 
Ilainp.,  at  Acworlh.  Grafton.  In  Mass.,  at  Chesterfield;  South  Royalston;  at  Gk)shcn.  rose- 
red.  In  Conn.,  at  Monroe;  at  Litclitield,  with  cyanite;  at  the  Middletown  feldspar  quarry; 
at  Haddam;  at  Branchville.  with  albite.  etc.;  New  Milford.  In  N.  York,  near  Warwick: 
Edenvilhv,  Edwards.  In  jP<s/i/i..  at  Pennsburv,  Chester  Co.;  at  Unionville.  Delaware  Co., 
and  at  Micidletown.  In  Maryland,  at  Jones's  ^alls,  Baltimore.  In  Virginia,  at  Amelia  Court- 
Ilouse.  In  No.  Carolina,  extensively  miried  at  many  places  in  the  western  part  of  the  state; 
the  chief  mines  are  in  Mitchell,  Yancey,  Jackson  and  Macon  Cos.  The  mica  mines  have 
also  allorded  many  rare  species,  as  columbite.  samarskite,  hatchettolite,  uraninite,  etc.;  in 
goo'l  crystals  in  Alexander  Co.  In  S.  Carolina,  there  arc  also  muscovite  deposits;  also  in 
Geori^ia  and  Alabama. 

Mica  mines  have  also  been  worked  to  some  extent  in  the  Black  Hills,  Soutli  Dakota;  in 
Washington,  at  Uockford,  Spokane  Co.;  in  Colorado. 

Muscovite  is  named  from  Mtrum  MuMcoviticum  or  Mitseovy-gUus,  formerly  a  popular 
name  of  the  mineral. 

Finite.  A  general  term  used  to  include  a  large  number  of  alteration-producta  especiallv 
of  iolile.  aUo  spodunicne,  iie])helile,  scapoliie,  feUNpar  and  other  minerals.  In  composi- 
tion essentially  a  hydrous  silicate  of  aluminium  and  potassium  corres|H)nding  more  or  lesi 
closely  to  mu.^covite,  of  which  it  is  probably  to  be  regarded  as  a  massive,  compact  variety. 
usually  very  impure  from  the  admixture  oJF  clay  and  other  substances.  Characters  as  fol- 
lows: Amorphous;  gra»iular  to  cryptocrystalline.  Barely  a  submiciiceous  cleavage.  H.  = 
2-5-3-5.  G.  =  2(>-2-85.  Luster  feeble,  waxy.  Color  grayish  white,  grayish  green,  pea- 
green,  dull  green,  brownish.  red(li>h.  Translucent  to  opaque.  The  following  arc  some  of 
the  minerals  classed  as  pinite:  giffantol/te,  gi^'seckiU  (see  p.  855),  liebenerite,  d]f$^niribiU, 
parophite,  rosiU,  polyargite,  wiUonite,  killiniie. 

AgalmatoliU  (paprodiie)  is  like  ordinary  massive  pinite  in  its  amorphous  compact  texture, 
luster,  and  other  physical  characters,  but  contains  more  silica,  which  may  be  from  free 
quartz  or  feldspar  as  impurity.  The  Chinese  has  II.  =  3-2*5;  G.  =  2*785-2*815.  Colorf 
usually  grayish,  grayish  irreen,  brownish,  yellowish.    Named  from  ayaX^a,  animag§; 
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pagodiU  is  from  pctgoda,  the  Cliiuese  carviug  the  soft  stooe  into  miniature  p^igodiis,  images, 
etc.  Part  of  the  so-called  agulmntolite  of  Chiua  is  true  piuite  iu  composition,  another  part 
is  compact  pyrophyllite,  and  still  another  Bte.-itite  (see  these  species). 

Paragonite.  A  sodium  mica,  corresponding  to  muscovite  in  composition;  formula, 
HtNaAls  (Si04)s.  I u  flue  pearly  scales;  also  compact  G.  =  2  78-2*90.  Color  yellowish, 
grayish,  greenish;  constitutes  the  mass  of  the  rock  at  Monte  Campioue  near  Faido  in  Cnntoik 
Tcssin,  Switzerland,  containing  cyanite  and  staurolite;  called  paragonite-schist.  Occurs 
associated  with  tourmaline  and  corundum  ai  Uuiouville,  Delaware  Co.,  Pa. 

I«BPIDOI<ITB.     Lithla  Micii.     Lithionglimmer  Germ. 

Ill  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  Crys- 
tals sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavable 
plates^  but  commonly  massive  scaly-granular,  coarse  or  fine. 

Cleavage:  basal,  highly  eminent.  11.  =  2*5-4.  G.  =  2'8-2-9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  grayish  white,  white. 
Translucent.  Optically—.  Ax.  pi.  usually  i^;  rarely  J  ^.  Bx^  (a)  inclined 
1**  47'  red,  and  1  33^'  yellow  (Na)  to  normal  to  c.  Axial  angle  large,  from 
50''-72^  /a  =  1-5975. 

Cemp.~In  part  a  metasilicate,  R,Al(SiO;).  or  KLi[Al(OH,F),]Al(SiO,),. 
The  ratio  of  fluorine  and  hydroxyl  is  variable.     The  following  are  analyses 

(Kiggs): 

8iO,  AUO,  Fe,0,  FeO  MnO  K,0  Li,0  Na,0  11,0  F 

Paris.       60'd2  1^4  99  0  80  0  23  tr.  IX'iiS  4  20  211  196  6*29  =  102*83 

Hebron,  48*80  28-30  0*29  009  0  08  12-21'  4-49  0-74  1-73  4-9(> 

[CaO.MgO  0  17  =  101  86 
•  With  0-77  (RI).Ck),0. 

Pyr.,  flito. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B  fuses  with 
intumescence  at  2-2*5  to  a  white  or  grayi^<h  gla^^s  somelintes  nnignelie.  coloring  the  flame 
purplish  red  at  the  moment  of  fusion  (lithia).  Wiih  the  fluxes  some  varieties  give  reuclions 
for  iron  and  mauganc!>e.  Att^ickeil  bui  not  completely  decomposed  by  acids.  After 
fusion,  gelatinizes  with  hydrochloric  >icid. 

Oba.— Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia.  tourmaline;  also  with  aniblygonite,  spodumene. cassiterite,  etc.;  sometimes  associated 
with  muscovite  in  panillel  position. 

Found  near  Ul6  in  Sweden;  Penig.  Saxony;  Kozena  (or  Rozna).  Moravia,  etc.  In  the 
United  States,  common  in  the  we^i-rn  part  of  Maine,  in  Hebron.  Auburn  Paris,  etc.;  at 
Chesterfield,  Mass.;  Middletown.  Conn.;  with  rulK'lIitc  near  San  Diego.  Californi.-r, 

Named  lepidolite  from  AeTr/?,  tteale,  after  the  eailier  German  name  SchuppeiiBiein,  allud- 
ing to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

CooKBiTB  is  a  micaceous  mineral  occurring  in  rcunded  aggro<rafinn«i  on  nibcUite,  also 
with  lepidolite.  tourmaline,  etc..  at  Hebron.  Mr.     Conipositicm  Li[Al(OH)j]ifSiOs)«. 

Zinnwaldite.  An  iron-lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  *.o 
brown  and  dark  gray.     Occurs  at  Zinnwald  and  Alienber^;  .similarly  in  CornwjiU. 

CryophyUiU  is  a  relat<  d  lithium  mica  from  Uockport,  Mass.  Polylithpmite  is  a  lithium 
mica  from  Kangordluarsuk,  Greenland. 

BIOTTTB. 

Monoclinic;  pseudo-rhombohedral.  Axes  a:i\i  =  0*57735  : 1  :  3*2743; 
/?  =  1)0''. 

Hiibit  tabnlar  or  short  prismatic;  the  pyramidal  fanes  often  repeated  in 
oscillatory  combination.  Crystals  often  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  ^'  (l32),  which  are  inclined  to  r  at  sensibly  the 
same'  angle,  often  occur  together;  further,  the  zones  to  which  these  faces 
belong  are  inclined  120**  to  each  other,  hence  the  hexagonal  outline  of  basal 
sections.    Twins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the  prismatic 
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zoneX^*     Often  in  disseminated  scales,  sometimes  in  massive  aggregations 
of  cleavable  scales. 


CO,  001  All2  =  78'    r. 

cM,  001  A  2-il  =  85'' 38'. 

CM,  001  A  ill  =  81M9'. 

904. 


cr,  001  A  101  =  80'  0*. 
eg,  001  A  182  =  80"  0'. 
MM\   221  A  221  =  59"  48i'. 

906.  906. 


Cleavage:  basal,  highly  perfect;  planes  of  separation  shown  in  the  percus- 
sion-figure; also  gliding-planes  /o(505),  C  (1«^5)  shown  in  the  pressure-fignre 
inclined  about  66  to  c  iind  yielding  pseudo-crystalline  forms  (Fig.  475,  p.  148). 
H.  =  2*5-3.  G.  =  2'7-3*l.  Luster  splendent,  and  more  or  less  pearl}'  on  a 
cleavage  surface,  and  sometimes  submetallic  when  black;  lateral  surfaces 
vitreous  when  smooth  and  shiuing.  Colors  usually  green  to  black,  often  deep 
black  in  thick  crystals,  and  sometimes  even  in  thin  laminae,  unless  the  laminae 
are  very  thin;  such  thin  laminae  green,  blood-red,  or  brown  by  transmitted 
light;  also  pale  yellow  to  dark  brown;  rarely  white.  Streak  uncolored. 
Transparent  to  opaque. 

Pleochroism  strong;  absorption  b  =  c  nearly,  for  a  much  stronger.  Hence 
sections  ||  c  (001)  dark  green  or  brown  to  opaque;  those  S,c  lighter  and  deep 
brown  or  green  for  vibrations  ||  c,  pale  yellow,  green  or  red  for  vibrations  J.  c. 
Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions.  Op- 
tically — .  Ax.  pi.  usually  ||  b,  rarely  J_  />.  Bx^  (=  ci)  nearly  coincident  with 
the  normal  to  c,  but  inclined  about  half  a  degree,  sometimes  to  the  front, 
sometimes  the  reverse.  Axial  angle  usually  very  small,  and  often  sensibly 
uniaxial;  also  up  to  50°.     Birefringence  high,  y  —  a  =:  0*04  to  0*06. 

Comp.,  Tar. — In  most  cases  an  orthosilicate,  chiefly  ranging  between 
(H,K),(Mg,Fe),(Al,Fe),(SiOJ,  and  (H,K),(Mg,Fe),Al,(SiOJ,.  Of  these  the 
second  formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron 
varies  widelv. 

Biotile  is  divided  into  two  classes  by  Tschcrmak: 

I.  Mkkoxenk.  Axiul  plane  Ij  b.  II  Anomitk.  Ax.  pi.  1  b.  Of  these  two  kinds, 
meroxeiie  includes  nearly  all  ordinary  biotito,  while  auomite  is,  so  far  as  3'et  observed,  of 
restricted  occurrence,  the  typical  hxaliiies  being  Greenwood  Furnace,  Omoge  Co.,  N.  Y., 
and  L.  B.dU;»l  in  E.  Siberia.  Meroxene  is  a  name  early  given  to  tbe  Vcsuvian  biotite. 
Anondie  is  from  ay(ttio^,  contrary  to  h»w. 

][aufjhtonitf  and  SiderophylliU'  are  kinds  of  biotite  containing  much  iron. 

Maug'inojtJnjUite  is  a  m.iniranesian  biotite.  Occurs  in  aggregations  of  thin  scaler  Color 
bronze-  t'>  coppiT-re  1.  Sireak  pale  red.  From  Pajsberg  and  L&ngbau,  Sweden;  Pie<b 
niont.  Iialy. 

The  fidlowif.ir  are  typical  analyses  of  biotite:  1,  by  Berwertb;  2,  by  Rammelsberg; 
3,  bv  Sniilh  and  Brush. 

SiO,    AUG,  Fe,0,    F.O    Mc:0    CaO  K,0  N',0  HtO      F 

1.  Vesuvius  39:30     16  95      048     845    21^89    082  7T9    0*49    4  02    0*89 

[=  101  08 

2.  Minsk.  Mac^-  32-49     12-34     656    2513      529      -     9  69    0  88    2  42    1-61 

[TiO,  4  08  =  100-84 
8.  ulnomtVe. Greenwood  F.  89-88    1499     7*68       -      23*69      -    911    112    1'80    O^n 

[010  44  =  9016 
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Section  i  e. 


•to. — lb  the  closed  tube  gives  a  little  water.    Some  varieties  give  the  reaction  foi 
fluorine  in  the  open  tube;  some  kinds  give  little  or  ^n 

no  reaction  for  iron  with  the  fluxes,  while  others 

give  strong  reactions  for  iron.     B.B.  whitens  and  ii^Bx^ 

fuses  on  the  thin  edges.    Completely  decomposed 
by  sulphuric  acid,  leaving  the  silica  in  thin  scales. 

Din. — Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
nearly  uniaxial. 

Recognized  in  thin  sections  by  its  brown  (or 
green)  color;  strong  plcochroisni  and  strong  absorp- 
tion parallel  to  the  elongation  (unlike  tourmaline). 
Sections  {e  are  nonplcochroic,  commonly  exhibit 
more  or  less  distinct  hexagonal  outlines  and  yield  a 
negative  sensibly  uniaxial  figure.  Sections  J.  e  are 
strongly  pleochroic  and  are  marked  by  fine  parallel 
cleavage  lines  (Fig.  907);  they  also  have  nearly  par- 
allel extinction,  and  show  high  polarization  colors; 
by  reflected  light  they  exhibit  a  peculiar  mottled  or 
watered  sheen  which  is  very  characteristic  and  aids  in  distinguishing  them  from  browo 
hornblende. 

Oba. — Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  from  magmas  containing  considerable  potash  and  magnesia. 
Common  in  certain  varieties  of  granites,  syenite,  diorite,  etc.,  of  the  massive  granular  type; 
also  in  rbyolite,  trachyte,  and  andesite  among  the  lavas;  in  miuettes,  kersantiies,  etc.  It 
occui-s  <Osc  as  the  product  of  metamorphic  action  in  a  variety  of  rocks.  It  is  not  infre- 
quently associated  in  parallel  position  with  muscovite.  the  latter,  for  example,  forming  the 
outer  portions  of  plates  having  a  nucleus  of  biotite. 

Some  of  the  prominent  localities  of  crystallized  biotite  are  as  follows:  Vesuvius,  com* 
mon  particularly  in  ejected  limestone  masses  on  Monte  Sonima,  with  augite,  chrysolite, 
nephelite,  humite.  etc.  The  crystals  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  in  form;  also  dark  green  to  black:  Mt  Monzoni  in  the  Fassathal;  Schwarz- 
enstein,  ZilUrtlial:  iiezb&nya  and  Morawitza  in  Hungary;  Schelingen  and  other  points  in 
itie  Kaiserstuhl;  the  Laacher  See;  on  the  west  side  of  L.  llmen  near  Miask,  etc. 

In  the  United  States  ordinary  biotite  is  common  in  granite,  gneiss,  etc.;  but  notable 
localities  of  distinct  crystals  are  not  numerous.  It  occurs  with  muscovite  (wh.  see)  as  a 
more  or  less  prominent  constituent  of  the  pegmatite  veins  in  the  New  England  States;  also 
Pennsylvania.  Virginia,  North  Carolina.     SiderophylliU  is  fro'n  the  Pike's  Peak  region. 

Caswsllits.    An  altered  biotite  from  Franklin  Furnace,  N.  J. 


PHLOOOPITB. 

Monoclinic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  tapering; 
often  large  and  coarse ;  in  scales  and  plates. 

Cleavage:  basal,  highly  eminent.  Thin  laminae  tough  and  elastic.  H.  = 
2*5-3.  G,  =  2'78-2*85.  Luster  pearly,  often  submetallic  on  cleavage  surface. 
Color  yellowish  brown  to  brownish  red,  with  often  something  of  a  copper-like 
reflection;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterism  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleochroism 
distinct  in  colored  varieties:  c  brownish  red,  b  brownish  green,  a  yellow. 
Absorption  c  >  b  >  a,  Burgess.  Optically  — .  Ax.  {d.  ||  h,  Bx^  nearly  J_  c» 
Axial  angle  (2E)  small  but  variable  even  in  the  same  specimen,  from  0°  to  IT" 
25'  for  red.  Dispersion  p  <  v.  The  axial  angle  appears  to  increase  with  the 
amount  of  iron. 

A  magnesinm  mica,  near  biotite,  but  containing  little  iron;  potassium  is 

prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typical  phlogopite, 

I  I 

according  to  Clarke,  is  R,Mg,Al(SiOJ,,  where  R  =  H,K,MgF.    Analyses:  1 
by  Penfield;  2  by  Clarke  and  Schneider. 
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8iO,    Al,Oj  Fe,Os  FeO     MgO    BaO    K,0  Na,0   ^,0     F 
Edwards       2792    f  44«1  lOtt?    —    OSl  28  90    —    840  OiO*  6-43  —    ign  (100')  0-«« 

[  =  10013 
Burgess  89*66  17  00  0*27  0*20  26*49  0*62  9*97  0*60   2*99  2*24  Ti.O  056 

[=  100  6C 
•  With  0-08  Ll,0. 

Obfl. — Phlogopite  is  especially  characteristic  of  crystalline  limestone  or  dolomite.  It  is 
often  associateci  with  pyroxene,  iimphibole,  serpentine,  etc.  Thus  as  at  Pargas,  Fiu- 
land;  in  St.  Lawrence  Co.  and  Jefferson  Co.,  N.  Y.;  also  Burgess,  Ontario,  and  elsewhere 
in  Canada. 

Named  from  <pXoyosni6%,  fire  like,  in  allusion  to  the  color. 

The  nsterism  of  phlogopite,  seen  when  a  caudle-flame  is  viewed  through  a  thin  sheet,  is 
a  common  character,  particularly  prominent  in  the  kinds  from  northern  New  York  and 
Canada.  It  has  been  shown  to  be  due  to  minute  acicular  inclusions,  rutile  or  toarmaline, 
arranged  chiefly  in  the  direction  of  the  rays  of  the  pressure-flgure,  producing  a  distinct  six- 
rayed  star;  also  parallel  to  the  lines  of  the  percussdon-figure,  giving  a  secondary  star,  usually 
less  prominent  than  the  other. 

Ijepidomelane.  Near  biotite,  but  characterized  by  the  large  amount  of  ferric  iros 
present.  Annite  from  Ca|ie  Ann,  Mass.,  belongs  here.  In  small  six-sided  tables,  or  ai 
aggregate  of    minute  scales.     H.  =  8.     G.  =  3'0-3'2.    Color  black,  with  occasionally  f 

leek  green  reflection. 

Alurgite.     A  manganese  mica  from  St.  Marcel.  Piedmont. 


Roscoelite.  A  vanadium  mica;  formula  doubtful.  In  minute  scales;  stmctnre  mica 
ceous.  G.  =  2*92-2*94.  Color  clove-brown  to  greenish  brown.  Occurs  at  the  gold  mio 
at  Granite  Creek,  £1  Dorado  Co.,  California. 


2.  Clintonite  Group.     Monoclinic. 

The  minerals  here  included  are  sometimes  called  the  Brittle  Micaa.  Thej 
are  near  the  micas  in  cleavage,  crystalline  form  and  optical  properties,  but  are 
marked  physically  by  the  brittleness  of  the  laminae,  and  cnemically  by  their 
basic  cliaracter. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcium  mica,  is  a  basic  silicate  of  aluminium  and 
calcium,  while  Chloritoid  is  a  basic  silicate  of  aluminium  and  ferrous  iroD 
(with  magnesium),  like  the  chlorites. 


MAROARITE.     Kalkglinimer  Germ, 

Monoclinic.  Rarely  in  distinct  crystals.  Tlsually  in  intersecting  ox 
aggregiited  laminae;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminae  rather  brittle.  H.  =  3*5-4-5.  G.  = 
2-09-3-08.  Luster  of  base  pearly,  of  lateral  faces  vitreous.  Color  grayish, 
reddish  white,  pink,  yellowish.     Translucent,  subtranslucent. 

Optically  — .  Ax.  pi.  JL  h,  Bx^  approximately  _L  c,  but  varying  more 
widely  than  the  ordinary  micas,  a  r  =  +  6i^  Dispersion  p  <  v.  Axial 
anglehirge,  from  100**  to  120"  in  air.     Refractive  index  /?  =  l-64-l'65. 

Comp.  —  II,CaAl,Si,0„  =  Silica  30*2,  alumina  51-3.  lime  li'o]  water 
4-5  =  100. 

Pyr.,  etc.— Yields  water  In  the  closed  tube.  B.B.  whitens  and  fuses  on  the  ed^es. 
Slowly  nnd  iinperfeclly  decomposed  by  boiling  hydrochloric  acid.  * 

Obs.— Associated  coniinoiily  with  corundum,  and  in  many  cases  obviously  formed 
directly  from  it;  thus  at  the  emery  deiwsits  of  Gumuch-da|irh  in  Asia  Minor  the  ialnnds 
Naxos.  Nicaria,  etc.  Ocrr-s  in  chlorite  of  Mt.  Greiiier.  Sterzing,  Tyrol.  In  the  U  Riit 
the  emery  mine  at  Cheste.    Mass.;  at  Union ville,  Chester  Co.,  Pa.;  with  coruikfum  in 
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Madison  Oo.  and  elsewhere  in  North  Carolina;  at  GainesyiUe,  Hall  Co.,  (Georgia;  at  Dudlej* 
▼11  le.  Alabama. 

Named  Margarite  from  ^apyapirtfi,  pearL 

8BTBBRTITB.    Clintonite.    Brandlsite. 

MonooliniCy  near  biotite  in  form.  Also  foliated  massiye;  sometimes 
lamellar  radiate. 

Cleavage:  basal,  perfect.  Strncture  foliated,  micaceous.  LaminsB  brittle. 
Percussion-  and  pressure-figures,  as  with  mica.  H.  =  4-5.  O.  =  3-3*1.  Luster 
pearly  submetaliic.  Color  reddish  brown,  yellowish,  copper-red.  Streak 
uncolored,  or  slightly  yellowish  or  grayish.  Pleochroism  rather  feeble.  Opti- 
cally — .  Ax.  pi.  JL  0  seyhertite;  ||  b  brandisite.  Bx^  nearly  J.  c.  Axial  angles 
variable,  but  not  large.     Birefringence  high. 

Var. — 1.  The  Amity  aeyhertUe  (clintonite)  is  in  reddish-brown  to  copper-red  brittle 
foliated  masses;  the  surfaces  of  the  folia  often  marked  with  equilateral  triangles  like  some 
mica  and  chlorite.    Axial  anele  8"-13*. 

2.  BrandiiiU  idUt/errUe),  from  the  Fassathal,  Tyrol,  is  in  hezaeoual  prisms  of  a  yellowUih- 
green  or  leek-ffreeu  color  to  reddish  gruy;  H.  =  5  of  base;  of  sides,  6-6*5.  Ax.  plane  |  6. 
Axhil  angle  15  -80"*.    Some  of  it  pseuuomorphous,  after  fassiiite. 

Comp— In  part  H,(Mg,Ca),Al.Si,0„  =  3H,O.10(Mg,Ca)O.5Al.O,.4SiO,. 

'Pyr.,  flfto. — Yields  water.  B.B.  infusible  alone,  but  whitens.  In  powder  acted  on  by 
concentrated  acids. 

Oba. — SeyberUU  occurs  at  Amity,  N.  Y.,  in  limestone  with  serpentine,  nssociated  with 
amphibole,  spinel,  pyroxene,  graphite,  etc. ;  also  a  chlorite  near  leucbtenbcrgite.  Brandisite 
occurs  on  Mt.  Monzoni  in  the  Fassathal,  1  yrol,  in  white  limestone,  with  fassaite  and  black 
spinel. 

Xanthophyllite.  Perhaps  H»(Mg.Ca)i4Ali«SibOfts.  The  original  xanthophyllite  is  in 
crusts  or  in  implanted  globular  forms.  Optically  negntive.  Ax.  an^le  usually  very  small, 
or  sensibly  uniaxial;  sometimes  20**.     From  near  Zlatoust  in  the  UniT. 

WaluemU  is  the  same  species  occurring  in  distiuct  pseudo-rhonibohedral  crystals.  Folia 
brittle.  H.  =  4*6.  G.  =  8093.  Luster  vitreous;  on  cleavage  plune  pearly.  Color  leek- 
to  lx)ttle-^reen.  Transparent  to  translucent.  Pleochroism  rather  feeble:  1^  fine  green; 
1  h  reddish  brown.  Optically  -.  Ax.  pi  I  b.  Bx  sensibly  j.  c.  2E  =  t.0'-40'.  Axial 
angle  17"  to  82*.  Found  with  perovskite  anci  other  species  in  chloritic  schists  mar  Achma- 
tovsk,  in  the  southern  Ural. 


Chloritspath.    Otlrelite.     Phyllite. 

Probably  triclinic.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  ontline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
other.  CrystaJs  grouped  in  rosettes.  Usually  coarsely  foliated  massive;  folia 
often  curved  or  bent;  and  brittle;  also  in  thin  scales  or  small  plates  dissemin- 
atetl  through  the  containing  rock. 

Cleavage:  basal,  but  less  perfect  than  with  the  micas;  also  imperfect  parallel 
to  planes  inclined  to  the  base  nearly  90°  and  to  each  other  about  (iO°;  b  diffi- 
cult. Laminae  brittle.  H.  =  6-5.  6.  =  3-52-3-57.  Color  dark  gray,  greenish 
gray,  greenish  black,  grayish  black,  often  grass-green  in  very  thin  plates. 
Streak  uncolored,  or  grayish,  or  very  slightly  greenish.  Luster  of  surface  of 
cleavage  somewhat  pearly. 

Pleochroism  strong:  c  yellow  green,  b  indigo-blue,  a  olive-green.  Optically 
-f .  Ax.  pi.  nearly  |  h,  Bx^  inclined  about  12°  or  more  to  the  normal  to  c  (001). 
Dispersion  p>  v,  large,  also  horizontal.  Axial  angles  large,  in  air  100°  to 
118  .     Birefringence  low,  y  —  or  =  0015. 

Compb— For  chloritoid  H,(Fe,Mg)Al,SiO,.  If  iron  alone  is  present,  thii 
reqnirai:  Silka  23*8,  alumina  405,  iron  protoxide  28*5,  water  7*2  =  100. 
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Di£t — Recognized  bj  the  crystal  outlines  and  general  micaceous  appearance;  high  relief, 
green  colors;  dlstiuct  cleavage;  frequent  twinning;  strong  pbleochroism  and  low  inteifer- 
euce-colors.  By  the  last  chamcter  readily  distinguished  from  the  micas;  also  by  the  high 
relief  and  extinction  oblique  to  the  cleavage  from  the  chlorites. 

Obs. — Chloritoid  (ottrelite,  etc.)  are  characteristic  of  sedimentary  rocks  which  have  suf- 
fered dynamic  meiamorphism,  especially  in  the  earlier  stages;  thus  found  in  argilliies.  con- 
glomerates, etc, ,  which  have  assumed  the  schistose  condition.  With  more  advanced  degree 
of  metamorphism  it  disappears.  Often  grouped  in  fan-shaped,  sheaf-like  forms,  also  in 
irregular  or  munded  grains. 

The  original  ehlontaid  from  Kosoibrod,  near  Ekaterinburg  in  the  Ural,  is  in  large  curv- 
ing laminse  or  plates,  grayish  to  blackish  greeu  in  color,  often  spotted  with  yellow  fniin 
mixture  with  limonite.  Other  localities  are  lie  le  Groix  (Morbihan);  embedde<i  in  large 
crystals  at  Vanlup,  Shetland;  Ardeuncs  in  schists  with  ottrelite;  also  from  Upper  Michigan; 
Leeds,  Canada,  etc. 

8itmondine{UnFcTA],BS\n06i)  is  from  St.  Marcel;  it  occurs  also  with  glaucophane  at 
Zermatt  in  the  Valais,  Switzerland,  and  elsewhere. 

Salmile  is  a  manganesian  variety  occurring  in  irregular  masses,  having  a  coarse  sacoha- 
roidal  structure  and  grayish  color.     G.  =  3'S.     From  Vielsalm,  Belgium. 

Masonite,  from  Natic,  R.  I.,  is  in  verv  broad  plates  of  a  dark  grayish-green  color,  but 
bluish  careen  in  very  thin  laminse  parallel  to  e,  and  grayish  greeu  at  right  augles  to  this; 
occurs  In  ar^llaceous  schist. 

Ottrelite  is  generally  classed  with  chloritoid,  though  it  is  not  certain  that  they  are  iden- 
tical; it  seems  to  have  the  composition  Hs(Fe,Mn)AlsSis09.  It  occurs  in  small,  oblong, 
shining  scales  or  plates,  more  or  less  hexagonal  in  form  and  gray  to  black  in  color;  in  argil- 
laceous schist  near  Ottrez,  on  the  borders  of  Luxembourg,  and  from  the  Ardennes:  also  near 
Serravezza.  Tuscany;  Tintagel  in  Cornwall.  Venaequite  is  from  Venasque  iu  the  Pyrenees, 
and  from  Teul6.  Finistdre.     PkyUite  is  from  the  schists  of  New  England. 


3.  Chlorite  Group.     Monoclinic. 

The  Chlorite  Group  takes  its  name  from  the  fact  that  a  large  part  of  the 
minerals  included  in  it  are  characterized  by  the  green  color  common  with  sili- 
cates in  which  ferrous  iron  is  prominent.  The  species  are  in  many  respects 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  but 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try, with  corresponding  uniaxial  optical  character.  The  plane  angles  of  the 
base  are  also  GO  or  120'',  marking  the  mutual  inclinations  of  the  chief  zones 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallized 
forms,  but  the  laminae  are  tough  and  comparatively  inelastic.  Percassion- 
and  pressure -figures  may  be  obtained  as  with  the  micas  and  have  the  same  ori- 
entation. The  etching-figures  are  in  general  monoclinic  in  symmetry,  in  part 
also  asymmetric,  sugt^esting  a  reference  to  the  triclinic  system. 

Chemically  considered  the  chlorites  are  silicates  of  alumininm  with  ferrous 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  mav  be 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similarly 
m  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  common 
green  color.  Manganese  replaces  the  ferrous  iron  in  a  few  cases.  Calcium 
and  alkalies—characteristic  of  all  the  true  micas — are  conspicuously  absent  or 
present  only  in  small  amount. 

The  only  d  istinctly  crystallized  species  of  the  Chlorite  Group  are  Clinochlore 
and  Penninite.  Those  seem  to  have  the  same  composition,  but  while  the 
former  is  monoclinic  in  form  and  habit,  the  latter  is  pseudo-rhombohedral  artd 
usually  uniaxial.  Prochlorite  (including  some  ripidolite)  and  Corundophilite 
also  occur  in  distinct  cleavage  masses. 

Besides  the  species  named  there  are  other  kinds  less  distinct  in  form,  occnr- 
riuff  in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more*  or  less 
undetermined  composition,  but  in  many  cases,' because  of  their  ezteuBiTe  occur- 
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rence,  of  considerable  geological  importance.  These  latter  forms  occur  as 
secondary  minerals  resulting  from  the  alteration  especially  of  ferro-maguesian 
silicates,  such  as  biotite,  pyroxene,  amphibole;  also  garnet,  vesuvianite,  etc. 
They  are  often  accompanied  by  other  secondary  minerals,  as  serpentine,  limon- 
ite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic  rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  thin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
spherulites;  by  their  greenish  color;  pleochroism;  extinction  parallel  to  the 
cleavage  (unlike  chloritoid  and  ottrelite);  low  relief  and  extremelv  low  inter- 
ference-colors, which  frequently  exhibit  the  "  ultra- blue.'*  By  this  latter  char- 
acter they  are  readily  distinguished  from  the  micas,  which  they  strougly 
resemble  and  with  which  they  are  frequently  associated. 


OUNOOHLORB.    Ripidolite  p^. 
Monoclinic.    Axes:  a  :  i  :  <}  =  0-57735  :  1  :  2  2772;  /?  =  89^  40'. 

908.  909.  910. 


Pfltsch. 


SchwaTzenstein. 


Zillertbal. 


Crystals  usually  hexagonal  in  form,  often  tabular  J  c.  Plane  angles  of  the 
basal  section  =  60^  or  120%  and  since  closely  similar  angles  are  found  in  the 
zonea  which  are  separated  by  60"",  the  symmetry  approxi-  91 1< 

mates  to  that  of  the  rhombonedral  system. 

Twins:  (1)  Mica  law,  tw.  pi.  J.  6- in  the  zone  cm^; 
sometimes  con  tact- twins  with  c  as  comp.-face,  the  one  part 
revolred  60**  or  a  multiple  of  60°  in  azimuth  with  refer- 
ence to  the  other;  also  in  threefold  twins.  (2)  Pennine 
its  law,  tw.  pi.  c,  contact-twins  also  united  by  c  (Fig.  910); 
here  corresponding  faces  differ  180°  in  position.  Massive, 
coarse  scaly  granular  to  fine  granular  and  earthy. 

Cleavage:  c  highly  perfect.  Laminae  flexible  tough,  and 
bat  slightly  elastic.  Percussion-figure  and  pressure- 
figures  orientated  as  with  the  micas  (p.  464).  H.  =  2-2*5. 
Lnster  of  cleavage-face  some  what  pearly.  Color  deep  grass-green 
to  olive-green;  pale  green  to  yellowish  and  white;  also  rose-red. 
Streak  greenish  white  to  uncolored.  Transparent  to  translncent.  Pleo- 
chroism not  strong,  for  green  varieties  usually  a  green,  c  yellow. 
Optically  usually  +•  Ax.  pi.  in  most  cases  Q  b.  Bx^  inclined  some- 
wnat  to  the  normal  to  c,  forward  ;  for  Achmatovsk  2°  30'.  Dispersion 
p  <v.  Axial  angles  variable,  even  in  the  same  crystal,  2E  =  20°-90°;  some- 
times sensibly  uniaxial.     Birefringence  low.     /3  =  1*588;  ;/  —  a  =  0*011. 

Vmt. — ^1.  Ordinary;  fpreen  clinochlore,  pairing  into  bluish  green;  (a)  in  crystals,  as 
described,  nsually  with  distinct  monoclinic  symmetry;  (b)  foliated;  (c)  massive. 

L§uehUfUfergi(e.  CoDtains  usually  little  or  no  iron.  Color  white,  pale  green,  yellowish; 
often  resembles  talc.    From  near  Zlatoust  in  the  Ural. 

jKbteAuMff.  Contains  several  per  cent  of  chromium  oxide.  Crystals  rhombohedral  in 
habit    Color  rose-ied.    From  the  southern  Ural. 


Achmatovsk. 
G.  =r  2-65-2-78. 
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Mangantferoui.  MuDgancbloritc.  A  chlorite  from  the  Harstig  mine  near  Pajsbcrg, 
Sweden,  is  peculiur  in  coutuining  2*8  p.  c.  MnO. 

Comp.— Normally  H.Mg.Al.Si.O,.  =  4H,0.5MgO.  Al,0,.3SiO,  =  Silica  32  5, 
alumina  18*4,  magnesia  36*1,  water  13*0  =  100.  Ferrous  iron  usually  replaces 
a  small  part  of  tiie  magnesia,  and  the  same  is  true  of  manganese  rarely;  some- 
times cliromium  replaces  the  aluminium. 

Pyr  .  etc. — Yields  wuler.  B.B.  iu  the  platinum  forceps  whitens  and  fuses  wiib 
ditUculiy  on  ii;e  edges  to  w  gruyish-black  gliiss.  With  borax,  a  clear  glass  colored  by  iron, 
ai.d  .sotnelimes  ebrumium.     In  sulphuric  acid  wholly  decomposed. 

Obs. — Occui-8  in  connection  with  ciilorilic  and  talcose  rocks  or  schists  and  serpentine; 
fionieiinies  in  pnnillel  position  with  biotite  or  phlogopite.  Prominent  localities  are:  Ach- 
nnitovsk  in  the  ITrHl;  Ala  \i\  Piedmont;  the  Zillerthal;  Zermatt.  Switzerland;  Marienberg, 
Saxony;  Zoptan,  Moravin.     A  niangiinesian  variety  occure  at  Pajsljerg.  Sweden. 

In  the  U.  States,  at  Westchester,  Penn..  in  large  crystals  and  plates;  also  Union ville  and 
Texas,  Penn.;  at  the  magnetic  iron  mine  at  Brewster, "N.  Y.,  in  part  changed  to  serpentine. 


PENNINITE.     Pennine. 

Apparently  rhombohedral  in  form  but  strictly  pseudo-rhombohedral  and 
monoolinic. 

Habit  rhombohedral:  sometimes  thick   tabular  with  c  prominent,  again 

steep  rhombohedral;   also  in  tapering 


912. 


913. 


Texas. 


Zermatt. 


six  -  sided  pyramids.  Khombonedral 
faces  often  horizontally  striated.  Crys- 
tals often  in  crested  groups.  Aiso 
massive,  consisting  of  an  aggregation 
of  scales;  also  compact  cryptocrystal- 
line. 

Cleavage :  c  highly  perfect.  Lamins 
flexible,  rercussion-ngure  and  press- 
ure-figure as  with  clinochlore  but  less 
easy  to  obtain;  not  elastic.  II.  =  2-2*5.  G.  =  2-6-2'85.  Luster  of  cleavage- 
surface  pearly;  of  lateral  plates  vitreous,  and  sometimes  brilliant.  Color  emer- 
ald- to  olive-green;  also  violet,  pink,  rose-red,  grayish  red;  occasionally  yellow- 
ish and  silver-white.  Transparent  to  subtranslucent.  Pleochroism  distinct: 
usually  II  c  green ;  _L  c  yellow.  Optically  -f ,  also  — ,  and  sometimes  both  in  adja- 
cent himinaj  of  tlte  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes  dis- 
tinctly biaxial  (occasionally  2E  =  61°)  and  both  in  the  same  section.  Some- 
times a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36°,  the  latter 
})robably  to  be  referred  to  clinochlore.     Indices  1'576  and  1*579  L6vy-Lcx. 

Var.— 1.  PvnniniU,  as  first  named,  included  a  green  crystallized  chlorite  from  the 
Penninine  Alps. 

Kdmmfrerile.  In  hcxngonal  forms  bounded  by  steep  six-sided  pyramids.  Color 
kcrnn's  red;  |H;ach- blossom- red.  Pleochroism  distinct.  Optically  -  from  L.  llkiil,  Bisersk, 
Penn.  KusMa;  -f  Texas.  Pa.  Uniixial  or  biaxial  with  axial  angle  up  to  20*.  Rbodo- 
phyllite  from  Texas.  Ph.,  and  rhodorlirome  from  L.  Itkul  belong  here. 

Pseudfphite  is  compact  massive,  without  cleavage,  and  resembles  serpentine. 

Comp. — Essentially  the  same  as  clinochlore,  H,(Mg,Fe)^Al,8i,0,,. 

Pyr..  etc.  — In  tlie  closed  tube  yields  water.  B.H.  exfoliates  somewhat  and  Is  difficultly 
fusible.  With  the  fluxes  all  varieties  give  reactions  for  iron,  and  many  varieties  react  for 
chromium.     Partially  deconiimsed  by  hydroclilorir  and  completely  by  sulphuric  acid. 

Obs.— Occurs  with  serpentine  in  tlie  region  of  Zermatt,  Valais,  near  Mt.  Rosa,  eapeclallj 
in  the  mondues  of  the  Findelen  glacier;  crystals  from  Zermntt  are  sometimes  2  in.  long  ao<I 
1^  in.  thick:  also  at  the  foot  of  the  Simplon;  at  Ala.  Piedmont,  with  clinocblore;  H 
^hwarzenstein  in  Tyrol;  at  Taberg  in  Wermlnnd:  at  Snarum.  greenish  and  foliated. 

Kdmmererite  is  found  at  the  localities  already  mentioned;  also  near  Miask  III  the  JJnk 
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at  Haroldswick  in  Unst,  Shetland  Isles.  In  large  crystfris  enclosed  in  the  talc  in  crevices  of 
the  chromite  from  Eraubat,  Styria.  Abundant  at  Texas,  Lancaster  Co.,  Pa ,  along  with 
clinociilore,  some  crystals  being  embedded  in  clinochlore,  or  the  reverse.  Also  in  N.  Caro* 
lina,  with  chromite  at  Culsagee.  Macon  Co  ;  Webster,  Jackson  Co. ;  and  other  points. 


I.    Ripidolite  pt. 

Monoclinic.  In  six-sided  tables  or  prisms,  the  side  plaues  strongly  furrowed 
and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent  groups, 
fan-shaped,  vermicular,  or  spheroidal.  Also  in  large  folia.  Massive,  foliated, 
or  granular. 

H.  =  1-2.  G.  =  2'78-2*96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  grass- 
green,  olive-green,  blackish  green;  across  the  axis  uy  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  LaminsB  dexible,  not  elastic. 
Pleochroism  distinct.  Optically  -f-  in  most  cases.  Bx  inclined  to  the  normal 
to  c  some  2^.  Axial  angle  small,  oft^n  nearly  uniaxial;  again  2E  =  23° — 30°j 
Dispersion  p  <v. 

Comp. — Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usually^ 
but  not  always,  in  large  amount.    Analysis  by  Egger: 

SiO,         Al.O,         Pe,0,         FeO         MgO         CaO         H,0 
Zillerthal  2602  20*16  1*07  2808         15*50         0*44         9  65  =  100*92 

Oba. — Like  other  chlorites  in  modes  of  occurrence.  Sometimes  in  implanted  crystals, 
as  at  St.  Gk>thard,  enveloping  often  adularia,  etc.;  Mt.  Qrciner  in  the  Zillerthal,  Tyrol; 
Rauris  in  Salzburg;  Traversella  in  Piedmont;  at  Mtn.  Sept  Lacs  and  St.  Cristophe  lu 
DauphinS;  in  Siym.  Bohemia.  Also  massive  in  Cornwall,  iu  tin  veins;  at  Arendal  iu 
Norway;  Salberg  and  Dannemora.  Sweden;  Dognacska,  Hungary.  Occasionally  formed 
from  amphibole.  In  Scotland  at  various  points.  In  the  U.  States,  near  Washiuirton;  on 
Castle  Mt.,  Batesville,  Ya.,  a  massive  fonn  resembling  soapstone,  color  grayish  green,  feel 
greasy;  Steele's  mine,  Montgomery  Co.,  N.  C. ;  also  with  corundum  at  tlie  Culsaeee  mine, 
ID  broad  plates  of  a  dark  green  color  and  flue  scaly;  it  differs  from  ordinary  prochlorite  iu 
the  small  amount  of  ferrous  iron. 

Oomndopbilite.  A  chlorite  occurring  in  deep  green  laminae  resembling  clinochlore  but 
more  brittle;  contains  but  24  p.  c.  SiO«.     Occurs  with  corundum  at  Chester,  Mass. 

AjcS8IT«.  H4(Mg,Fe)aAI,SiO».  Silica  21*4  p.  c.  In  hexagonal  plates,  foliated,  resem- 
bling the  green  talc  from  the  Tyrol.  H.=  2  5-3.  G.  =  2*71.  Color  apple-green.  Luster 
pearly  on  cleavage  face.  Optically  -|-»  sensibly  uniaxial.  Occurs  with  diaspore  at  Chester, 
Mass. 

Othbr  Chlorites.  Besides  the  chlorites  already  described  which  occur  usuallv  in 
distinct  crystals  or  plates,  there  are.  as  noted  on  p.  4?2,  forms  varying  from  fine  scaly  to 
fibrous  and  earthy,  which  as  already  noted  are  prominent  in  rocks.  In  some  cases  they 
may  belong  to  the  species  before  described,  but  frequently  the  want  of  sufilcient  pure 
material  has  left  their  composition  in  doubt.  These  chlorites  are  commonly  characterized 
by  their  green  color,  distinct  pleochroism  and  low  birefringence  (p.  478). 

The  following  are  names  which  have  been  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  apftrosiderite,  diabantite,  deUssiU,  epkhlofite,  eurtilite, 
ehlarapfurite,  huUiU. 

Tlie  following  are  other  related  minerals. 

OromitAcUte.  4Fe0.2Fe«Oa.8Si09.4HaO.  Occurs  tapering  in  hexagonal  pyrsmids;  also 
in  diverffing  groupe;  amorphous.  Cleavage:  basal,  highly  perfect.  Thin  laniinsQ  elastic. 
O.  =8  wMS'So.  Color  coal  black  to  brownish  black;  by  transmitted  light  in  thin  scales 
•merald-greeo.     Streak  dark  olive-green.     From  Pribram  in  Bohemia;  also  in  Cornwall. 

Thminffit*.  8Fe0.4(Al,Fe)90s.6Si03.9H,0.  MaaMve;  an  aggregation  of  minute 
pearlv  scales.  Color  olive-green  to  pistachio-green.  From  near  Snalfeld,  in  Thuringia; 
UDl  Dprings.  ArkansM.  etc. ;  from  the  metamorphic  roc^s  on  the  Potomac,  near  Harper's 
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Chamosits.  Coutains  iron  (FeO)  with  but  little  MgO.  Occurs  compact  or  o51itie 
with  H.  about  3;  6.  =  3-3'4;  color  greenish  gray  to  bmck.  From  ChamosoD,  near  St. 
Maurice,  iu  the  Valaia. 

Stilpnomelane.  An  irou  silicate.  In  foliated  plates:  also  fibrous,  or  as  a  velvety  coat> 
iug.  G.  =  2*77-2*96.  Color  black,  greenish  blacK.  Occurs  at  Obergruud  aud  elsewhere 
iu  Silesia:  also  iu  Moravia;  near  Weilburg,  Nassau.  ChalcodUe,  from  the  Sterling  Iron 
iiiiue,  in  Antwerp,  Jeffersou  Co.,  N.  Y.,  coating  hematite  and  calcite,  is  the  same  mineral 
in  velvety  coating  of  mica-like  scales  with  a  bronze  color. 

Strigovite.  H4Fes(Al,Fe)«SitO.  In  aggregations  of  minute  crystals.  Color  dark 
^reen.     Occurs  as  a  fine  coating  over  the  minerals  in  cavities  in  the  granite  of  Striegau  in 

Silesia. 

Rumpfite.  HtsMgiAlisSiioOt*.  Massive;  granular,  consisting  of  very  fine  scales. 
Color  greeuish  white.    Occurs  with  talc  near  St.  Michael  in  Upper  btyria. 

APPENDIX  TO  THE  MICA  DIVISION.— VERMICULITES. 

The  Vbrmiculite  Group  includes  a  number  of  micaceous  minerals,  all  hydrated  sili- 
cates, in  part  closely  related  to  the  chlorites,  but  varying  somewhat  widely  in  composi- 
tion. They  are  alteration-products  chiefly  of  the  micas,  biotite,  phlogopite,  etc.,  and  retain 
more  or  less  perfectly  the  micaceous  cleavage,  and  often  show  the  negative  optical  character 
and  small  axial  angle  of  the  original  species.  Many  of  them  are  of  a  more  or  less  indefinite 
chemical  nature,  and  the  composition  varies  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  laminae  in  general  are  soft,  pliable,  and  inelastic;  the  luster  pearly  or  bronze-like, 
and  the  color  varies  from  white  to  yellow  and  brown.  Heated  to  lOO^'-llO*  or  dried  over 
sulphuric  acid  most  of  the  vermicuiites  lose  considerable  water,  up  to  10  p.  c,  which  is 
probably  hygroscopic:  at  800**  another  portion  is  often  given  off;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loss  of  water  U)x>n  ignition  is  the 
common  physical  character  of  exfoliation;  some  of  the  kinds  especially  show  this  to  a 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threads. 
This  character  has  given  the  name  to  the  group,  from  the  Latin  vermieulari,  to  In-eed  toormi. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  can 
be  given  here:  JefferinU,  vermicuiiU,  cuUagetiU^  kerrite,  lenniliU,  hallUe,  phUadelphUe, 
vacUite,  maconite,  dtuUejfite,  pyraselerite. 


HI.  Serpentine  and  Talc  Division. 

The  leading  species  belonging  here.  Serpentine  and  Talc,  are  closely  related 
to  the  Chlorite  Group  of  the  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesium  silicates,  in  part  amorphous,  are  included  with  them. 

8Z3RPZ3NTINB. 

Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  of  ten  easily 
separable,  and  either  flexible  or  brittle.  Usually  massive,  but  microacopioally 
fin(»ly  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptocrystalline; 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic; 
amorpbons. 

Cleavage  h  (010),  sometimes  distinct;  also  prismatic  (50®)  in  chrysotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasy. 
H.  =  2*5-4, rarely  5*5.  G.  =  2-50-2'65;  some  fibrous  varieties  2*2-2'3;  retinal- 
ite,  236-2-55.  Luster  subresinous  to  greasv,  pearly,  earthy;  resin-like,  or 
wax-like;  usually  feeble.  Color  leek-green,  blackish  green;  oil- and  siskin- 
^een;  brownish  red,  brownish  yellow;  none  bright;  sometimes  nearly  white. 
On  exposure,  often  becoming  yellowish  gray.  Streak  white,  dightly  aliiwing. 
Translucent  to  opaque. 


SILICATES. 


Pleoeliroiam  feeble.  Opticallj  — ,  perhaps  also  +  in  chryaotile.  Double 
refrac-tiou  weuk.  Aj.  pi  J  « (100).  Bx  (o)  1  b  (OKI)  the  cleavage  siirfBce;  c  j 
elougatioii  of  fibers.  Biasml,  aiigle  variable,  often  large;  2V  =  20°  to  90°. 
Indices: 

AMigoHU    rt  =  r5«J   >3=  1  570    >' =  I'BTl     y  -  «  =  OOU  W»y-Lc«. 
V»r.— Mauy  unsiislRlneil  specits  Lave  bceu  made  oul  of  Berpeolioe.  diHeriiig  In  slnic- 
Inre  (musHiTe.  alniy.  fuUaied,  tibrousj,  or.  as  supposed,  iu  (.-lieaikiil  couipoaliioti,  fliid  ilicse 
now.  111  purl.  Btnud  as  varieties,  along  wKli  sume  others  biised  on  variaiiuiis  iu  li^xiure.  etc. 

A.  In  Cbtstals — PBErDOMORFHS.  Tlie  most  comroou  have  tbe  form  of  clirysolite. 
Oilier  kinils  src  iiseiidomurplis  after  pyroxene,  ampbihole,  epluel,  cbondrodile.  garnet, 
pblo^opjh!,  elc.  BoMtiU  or  tkhiUer  Bpar  is  euslalite  lliyperetbeoe)  ultei-ed  more  or  less 
conipklcly  to  serpeDtine.     8e«  p.  386. 

B.  Hassivb.  1.  Ordinary  maune.  (a)  Praeitnu  or  Nobit  Serptntint  Is  of  a  rich  oil- 
greeo  color,  of  pale  or  dark  sliadcs,  atid  traasliicenl  eveo  when  in  thick  pieces,  [b) 
Common  Serpentine  la  of  dark  sbsdes  of  color,  tind  sublrans lucent.  Tbe  former  bas  a 
hnrdness  ot  2'S--3:  tbe  lailer  orteii  of  i  or  beyond,  ORJDg  to  Impurities. 

Eetinout.     Ilelinitlile.     Hussive,  boney-yetlow    to    liglil    oil  green,  waxy  or  reslD-lIke 

Botetnite  (Hepbrile  Boainj.  Massive,  of  very  fine  granular  texlure.  and  roiicb  resembles 
nephrite,  and  was  loug  so  cnlled.  It  is  apple-green  or  greenlsli  wblte  In  color;  G,  =  2'01I4- 
2'787,  Bowen:  and  it  bas  tbe  unusual  bHiduess  S'S-fi.  From  Siultbfleld.  R,  1.;  also  a  sim- 
ilar kind  from  New  Zealand, 

C.  LaublLaR.  AnligoriU,  Ilihi  lamellar  in  Btruclure.  separating  lulo  tmnsliicent  folia; 
H.  =  S'S;  G  =  3'633:  color  browuisb  green  by  reflected  llglil;  feel  amoolh,  but  not  gre«sji 
From  An tigorio  valley.  Piedmont, 

D.  Tbik  Fouated.  MarmoUte,  tbin  fuliated;  Ihelamintt  Lrittie  but  separable,  G.  = 
3'41;  colors  greenish  while,  bluish  wliite  to  pale  aspnraguB- green.     From  Huboken,  N.  J. 

E.  FiBHOCH,  Cliry>oUU.  Deticalely  fibrous,  the  libers  usually  flexible  and  easily 
aeparallng;  luster  silky,  or  silky  nietallio;  color  greenish  nblle,  green,  otlve-green.  yellow 
and  brownish;  G.  =  2-219.  Often  constitutes  seams  in  serpemiue.  It  includes  most  of  tbe 
•ilky  amiant/iM  of  wrpeiitiue  rocks  and  much  of  nliai  la  popularly  CBllcd  at^tia 
(aabeatoa).    Of,  p.  401. 

IHtroHu.  columnar,  but  fibers  or  columns  not  i-asily  flexible,  and  often  not  ensily  sepa- 
rable. IT  affording  only  a  splintery  fracture;  color  daik  green  to  motinTain  green,  gray, 
brown      Tbe  original  was  from  Tabcrg,  Sfieden.     BailimoriU  is  plcrolite  from  Bare  Bills, 

P.  SBRrBNTmE  Rocks.  Serpentine  often  constitutes  rock-masses.  It  frequentJy 
occurs  mixed  with  more  or  less  of  dolomite,  magneslte,  or  cnlclte,  making  a  rock  of  clouded 
green,  sometimes  veined  with  wbitaorpale  green,  called  wrdnnlffiK,  ophiolid.  at  opkieattitt. 
Serpentine  rock  is  sometimes  mottled  with  red,  or  bas  sometbing  of  tbe  aspect  of  a  red 
porphyry;  the  reddish  portions  containing  an  unusual  amount  of  oxide  of  iron.  Any  ser- 
pentine rock  cut  Into  slabs  and  polished  Is  called  §erptii,tini  marblt. 

Microscopic  examination  has  established  llie  fact  that  seipentiiie  in  roch-ma'Ses  bas  been 
largely  produced  by  tbe  alteration  of  chrysolite,  and  many  apparently  boniogpceous  ser- 
peolines  ahow  more  or  less  of  Ibis  original  mineral.  In  other  coses  it  has  lesulted  from  tbe 
alteration  of  pyroxene  or  amphibole.      Bectiona  of  tbe  914. 

•erpeDline  derived  from  chrysotlle  often  show  a  pecu- 
liar structure,  like  the  meshes  of  a  net  <Fig.  914|;  the 
line*  marked  by  grains  of  maguelite  also  follow  tbe 
origloal  cracks  and  cleavage  directions  of  the  chrysolite 
(Fig.  915,  o).  The  serpentine  from  amphibole  and  pyrox- 
ene commonly  shows  au  anslogotis  structure;  the  iron 
particles  foUovting  tbe  former  cleavage  tines  Hence  tbe 
nature  of  Ibe  original  mineral  can  often  be  inferred. 
Cf.  Fig.  815.  a,  b.  c  iPirswu). 

Comp — A  magitcsiam  silicate,  H,Mg,Si,0,  or 
3MgO:aSiO,.2H,0  =  Silica  44-1,  magtiesia  43-0, 

water  12'0  =  100.  Iron  protoxide  often  replaces  a  small  part  of  the  mag- 
neeinm;  nickel  in  small  amount  is  sometimee  present.  The  water  is  chiefly 
~  ^Uod  at  a  red  heat. 

.,  elo.— In  the  closed  tube  yields  water.     B.B.  fuses  on  the  edges  with  difficnlly, 
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F.  =  e.  QtvM  usiully  an  Iron  reaction.  Decomposed  by  IiTdTOcbloric  tad  Hlpburlc 
uHiis.     Fn>m  cbrysotiJe.  Ihe  aillca  is  left  in  flue  libera. 

I>iff.— CliHracleiized  by  suftntia,  absence  (if  cleavage  and  feeble  waiy  or  oily  luitei; 
low  sptciflc  gruvily;  by  yfeldiug  much  waier  B.B. 

Keadily  recoguized  iu  tbiQ  sections  by  ItK  greenisb  or  yellowlsli-green  color:  low  nllet 
and  aggregate  poluiizaiion  due  to  lia  libraus  structure.    Wben  the  fibers  are  parallel,  ths 

916. 


;t-^7 


^•'■t: 


e  derived  from  cbryaulile;  b,  from  ampbibole;  e,  from  pyroseoe. 


Interference- colors  arc  not  very  low,  but  Ihe  coufused  aggreeatce  may  show  the  "  ultra 
blue"  or  even  be  isiilropic.  Tbe  constrtitt  Nssociiition  wftli  olber  magnesia  bearing 
minerals  like  cbrysollte.  pyroxene,  hartib1(.'iide.  etc..  is  also  Gbaraeterislic.  Tlie  presence 
of  lines  of  iron  particles  as  noted  above  (Fli;.  915)  is  cbsracierlBtic. 

Oba.— SeriMuliDC  Is  always  a  aecondarj  inineral  resiillfne.  as  noted  above,  from  tbe 
alteration  of  allicatea  containing  magnesia.  pBrliuularly  cbiysollte,  ampbibole  or  pyroxene. 
Il  frequeDlly  furms  krge  ruck-masses,  (hen  belii^  derived  from  tbe  alteration  of  perldoiltci, 
duDltex  uDil  otber  basic  rocks  of  Igneous  origin;  also  of  ampbibolltes,  or  pyroxene  and 
cbrysolite  rocks  of  metiimorgiblc  oiTglri.  In  ttie  first  case  It  Is  usually  accompanied  by 
spinel,  garnet,  chromlte  and  sometimes  nickel  ores;  iu  the  second  case  by  various 
carbouiites  suob  as  doloinlle,  miignesile.  breuDneriCe,  etc. 

Crystals  of  serpentine.  |>seu(lum<irpboiis  afler  montlcellile.  occur  In  tbe  Fasaatbal, 
Tyrol;  near  Hiask  at  Luke  Auslikul,  Bnraiivka,  GkateHnbnrg.  and  elsewbcre;  In  Norway, 
tit  Snnriim;  cic.  Fii^e  precious  serprniines  come  from  Faluu  and  Qulsja  In  Sweden,  the 
li\e  of  Hiiu,  the  ueigbborbood  of  Poilsoy  in  Alierdeeuabire,  the  Lizard  In  Cornwall,  Cor- 
sica, 81>ieriH,  Saxony,  etc. 

In  N.  Americu.  in  Mnint,  at  Deer  Isle,  precious  serpentine.  In  Vfrmonl,  at  New  ^ne, 
Roibiiry,  etc.  In  Mau  .  fine  at  Ncwburyport.  In  It.  hland,  at  Newport;  bovenilt  ^ 
Smltbtleld.  In  Conn.,  near  New  Haven  and  Milford,  nt  Ibe  verd-antlque  cjunrHea. 
In  N.  York,  at  Port  Henry,  Essex  Co.;  at  Antwerp.  Ji'lferson  Co,,  in  crystals:  In  Oouver- 
noiir,  St.  Lawrence  Co  ,  In  crystals;  In  Coniwall.  Monroe,  and  Warwick.  Orange  Co.. 
Bomciimes  in  large  crystnts  iit  Warwick;  and  from  Richmond  lo  New  BHgblon,  Richmond 
Co,  In  N.  Jtruy.  ui  Ilolmken.  with  briicile.  magnwite.  elc:  nt  Moutvllle,  Horris  Co., 
clirysiitilc  and  retiunllte.  wilh  oimmon  serpentine,  produced  by  Ihe  alleratlon  of  pymieDC; 
In  Ptnn.,  massive,  (Ibrous,  and  follntwl.  at  Texas,  Lancaster  Co.;  iit  West  Chester,  CheMer 
Co.,  wiltiamtiU;  at  Mineral  Hill,  Newtown.  Marple.  and  Mlddlelowii,  Delaware  Co.  In 
M'HT/liind.  at  Bare  Hills;  at  Ci>oplown,  Hnrford  Co.,  wilh  diallage.  In  Calfforuia,  at 
various  points  in  tbe  Const  Ranire. 

In  Canada,  abundant  iimiing  the  metaniorpbic  rocks  of  Ihe  Eastern  Tuwnshtps  and 
Ganpu  [icniiisuln,  Quebec;  at  Thclford.  Coieraiiic,  Brougblon.  Orford,  S  Ham,  Bolton, 
Siiiplon.  Melbourne,  etc.  Tbe  llbrous  variety  ehrysotile  (asliesliis,  bnstoidte)  ofieo  formi 
s>'am8  several  indies  In  tbickness  in  tbe  massive  mtiK-ral,  and  is  now  eziensively  mined  for 
technical  pur|iases.  Massive  L'lurent  inn  serpentine  also  occurs  In  Grenville.  Argenteull  Co.. 
Qiielioc,  and  North  Burgess,  Lanark  Co..  Ontario.  In  N.  Brnnmeick,  at  Crow's  Nest  In 
Purllmd. 

Tbe  names  Btrptntinr.  Ophite.  T^pi*  evtubrinvi.  allnde  to  the  green  aerpent  like 
clonilings  "f  tbe  serpentine  marble.  ItftiniilUf  is  from  'nfTtvii.  rain;  Pterolite.  frwu 
KiKO'lt.  bitter.  In  nlliHlnn  lo  the  magnesia  (or  Bitiercnlei  priseiM;  ThermophgUiU,  f'om 
$eijf"f.  hrnt,  and  0v\Xoy,  lt,if,  on  ncconni  of  ibe  eifollalion  when  healed:  CktytoUU. 
fnnn  xoviTiK.  golden,  and  TiXoi.fibrout;  Metnzite,  from  niraia,  tOk;  JlarmctiU,  fion 
iiapfiaiiito,  to  thine.  In  allusion  to  Its  peculiar  luster. 
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D«w«ylite.  A  mafnesian  silicate  Dear  serpentine  but  with  more  water.  Formula 
perhaps  4MgO  88iOt.6H«0.  Amorptioiis,  re8enii>ling  gum  ambic,  or  a  resin.  H.  =  2- 
§*5.  Q.  =  2'(X-2  2  Color  whitisb,  yellowish,  rtddibb,  browniab.  Occurs  wilb  serpentine 
in  the  Fle.mstbal.  Tyrol;  also  at  Texas,  Penu.,  and  tbe  Bare  HiliS,  Md.  Oymnite  of 
Thomson,  namci  from  yvuvoi,  naked,  in  allusion  to  the  locality  at  Bare  Hills,  Md.,  is  the 
same  species. 

Qenthite.  Nickel  Gvmnite.  A  gymuite  with  part  of  the  magnesium  replaced  by 
DickeK  2NiO.2MgO.SiSiO3.6H9O.  Amorphous,  with  u  delicate  stalaciiiic  surface,  incrust- 
ing.  H.  =  8-4;  sometimes  very  soft.  6.  =  2  409.  Luster  res  nous.  Color  pale  apple- 
green,  or  yellowish.     From  Texas,  Lancaster  Co.,  Pa.,  in  thin  crusts  on  cliromite. 

Gamierite.  Noumeite.  An  important  ore  of  nickel,  consisting  essentially  of  a  hydrated 
silicate  of  magnesium  and  nickel.  i)erhaps  Ht(Ni,Mg)S.04  +  ^4*  but  very  variable  in  com- 
position, parUcularly  as  regards  the  nickel  and  magnesium;  not  always  homogeneous. 
Amorphous.  Soft  and  friable.  G.  =  2  8-2*8.  Luster  dull.  Color  bright  apple-green, 
pale  green  to  nearly  white.  In  part  unctuous;  sometimes  adheres  to  the  tongue.  Occurs 
m  serpentine  rock  near  Noumea,  capital  of  New  Caledonia,  associated  with  chromic  iron 
and  steatite,  where  it  is  extensively  mined.  A  similar  ore  occurs  at  Riddle  in  Douglas 
County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C. 


TALO. 

Orthorhombic  or  monoclinic.     Rarely  in  tabular  crystals^  hexagonal  or 
rhombic  with  prismatic  angle  of  (>0°.     Usually  foliated  massive;  sometimes  in 

f;lobular  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  fibrous 
pseadomorphous) ;  also  compact  or  cryptocrystalline. 

Cleavage:  basal,  perfect.  Sectile.  Flexible  in  thin  laminse,  but  not  elastic. 
Percussion-figure  a  six-rayed  star,  oriented  as  with  the  micas.  Feel  greasy. 
H.  =  1-1'5.  G.  =  2 •7-2*8.  Luster  pearly  on  cleavage  surface.  Color  apple* 
green  to  white,  or  silvery-white;  also  greenish  gray  and  dark  green;  sometimes 
bright  green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent 
at  right  angles  to  this  direction;  brownish  to  blackish  green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties  lighter  than  the  color. 
Sabtransparent  to  translucent.  Optically  negative.  Ax.  pi.  \a.  Bx  X  c. 
Axi»l  angle  small,     y  —  a  =  0  035-0*050. 

Var. — Foliated,  Talc.  Consists  of  fol'a,  usually  easily  separated,  having  a  greasy  feel, 
and  presenting  ordinarily  light  creen,  greenish  white,  and  white  colors.     G  =  2  55-2*78. 

JfoMtoe,  SeatUe  or  aonpstone  (Speckatein  Oerm.).  a.  Con rse  granular,  grayish  green, 
and  brownish  gray  in  color;  H.  =  1-2*5.  Pot  atone  is  ordinary  soapstone,  more  or  less 
impure,  b.  Fine  granular  or  cryptocrystalline.  and  soft  enough  to  be  used  as  chalk;  as  the 
Freneh  ehalk,  which  is  milk-white  with  a  pearly  luster,  e.  Indurated  tale.  An  impure 
slaty  talc,  harder  than  ordinary  talc. 

Puudamarphims.  a.  Fibrous,  fine  to  coarse,  altered  from  enstntite  and  tromolite. 
h.  Remselcierite,  having  the  form  of  pyroxene  from  northern  New  York  and  Canada. 

Comp. — Anacid  metasilicate of  magnesiuni,lI,Mg.(SiO,),or  n,0.3Mg0.4SiO, 
=  Silica  63*5,  magnesia  31*7,  water  4*8  =  100.  The  water  goes  off  only  at  a 
red  heat.    Nickel  is  sometimes  present  in  small  amount. 

Pyr.,  etc. — In  the  closed  tube  B  B.,  when  intensely  ignited,  most  varieties  yield  wat<T. 
In  the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difflrulty  on  the  tliin  edges  to  a 
white  enamel.  Moistened  with  cobalt  sohnioii.  assumes  on  ignition  a  pale  red  color.  N«  t 
decomposefl  by  acids.     Renaselaerite  is  decomposed  by  concent mted  sulphuric  nci<l. 

Diff.— Charncterized  by  extreme  softness,  soapy  feel:  common  foliated  structure;  pearly 
luster;  it  is  flexible  but  ini'lastic.     Yields  water  only  on  intense  ignition 

Obs. — Talc  or  steatite  is  n  very  common  minrr.»l.  and  in  the  hitler  form  constitutes 
extensive  beds  in  some  regions.  It  is  often  associated  with  serpentine.  taleo?ie  or  chloritic 
fchist.  and  do'omitn,  and  frequently  contains  crystals  of  dolomite,  breuaneriie,  also 
asbesius,  actinolite,  tourmaline,  magnetite. 

Steatite  is  the  material  of  many  psendomorphs,  among  which  the  most  ronim»>n  are 
tboae  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.    Themagnesian  minerals  are 
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those  which  commonly  afford  steatite  by  alteration;  while  those  like  scapoliteand  nephelite, 
which  contain  soda  and  no  magnesia,  most  frequently  yield  pinite-like  peeudomorpbs. 
There  are  also  steatitic  pseudomorphs  after  quartz,  dolomite,  topaz,  chiastolite,  staurolite, 
cyanite,  gurnet,  vesuvianite.  chrysolite,  gehlenite.  Talc  in  the  fibrous  form  is  pseudomorph 
after  enstatite  and  tremolite. 

Apple-green  talc  occurs  at  Mt.  Qreiner  in  the  Zillerthal,  Tyrol;  in  the  Valals  and  8t. 
€k>thard  in  Switzerland;  in  Cornwall,  near  Lizard  Point,  with  serpentine;  the  Shetland 
islands. 

In  N.  America,  foliated  talc  occurs  in  Main€,  at  Dexter.  In  Vermont,  at  Bridgewater, 
handsome  green  talc,  with  dolomite;  Newfane.  In  Mau.,  at  Middlefield.  Windsor,  Blan- 
ford,  Andover,  and  Chester.  In  R,  Island,  at  Smithfield,  delicate  green  and  white  in  a 
crystalline  limestone.  In  N,  York,  at  Edwards,  St.  Lawrence  Co..  a  fine  fibrous  talc 
(agaliU)  associated  with  pink  tremolite;  on  Staten  Island.  In  N.  Jeney,  Sparta.  In  Penn., 
at  Texas,  Nottingham,  UnioDville;  in  South  Mountain,  ten  miles  south  of  Carlisle;  at 
Chestnut  Hill,  on  the  Schuylkill,  talc  and  also  soapstone,  the  latter  quarried  extensively. 
In  Maryland,  at  Cooptown.  of  green,  blue,  and  rose  colors.  In  N.  Car,,  at  Webster,  Jack- 
sou  Co.  In  Canada,  in  the  townships  Bolton,  Sutton,  and  Potton,  Quebec,  with  steatite  in 
beds  of  Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Ontario,  an  impure 
grayish  var.  in  Archaean  rocks. 

SBPIOLITB.     Meerschaum  Oerm.    L'^cume  de  mer  Fr, 

Compact^  with  a  smooth  feel,  and  fine  earthy  texture^  or  clay-like;  also 
rarely  fibrous.  H.  =  2-2*5.  G.  =  2.  Impressible  by  the  nail.  In  dry  masses 
floats  on  water.  Color  grayish  white,  white,  or  with  a  faint  yellowish  or 
reddish  tinge,  bluish  green.     Opaque. 

Comp.— H^Mg.Si  0,.  or  2H,0.2Mg0.3SiO,  =  Silica  60-8,  magnesia  27-1, 
water  12*1  =  100.  Some  analyses  show  more  water  (2H,0),  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

Pyr..  etc. — In  the  closed  tube  vields  first  hygroscopic  moisture,  and  at  a  higher 
temperature  gives  much  water  and  a  burnt  smell.  B.B.  some  varieties  blacken,  then  bum 
white,  and  fuse  with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on 
ignition.     Decomposed  by  hydrochloric  acid  with  gelatin ization. 

Obs.— Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the 
plains  of  Eskihi  sher;  at  Hrubschitz  in  Moravia;  in  Morocco,  called  in  French  IKerre  de 
Sawn  de  Maroe;  nt  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  miuernl.  having  the  composition  of  sepiolite,  occurs  in  Utah. 

The  word  meerschaum  is  German  for  sea-froth,  nud  alludes  to  its  liehtness  and  color. 
SepioWe  Glocker  is  from  (r/fnta,  cuttle-fish,  the  bone  of  which  is  light  and  porous;  and 
being  also  a  production  of  the  sea,  "  deinde  spumam  marinam  siguificabat,"  sa^s  Glocker. 

Oonnarite.  A  hydrous  nickel  silicate,  perhaps  H4Ni«SisOio.  In  small  fragile  grains. 
G.  =  2-459-2-619.     Color  yellowish,  green.    From  R5ttis.  in  Saxon  Voigtland. 

Spadaite.  Perhaps  5MgO  6Si09.4HaO.  Massive,  amorphous.  Color  reddish.  From 
CajK)  di  Bove,  near  Rome. 


8APONITB.     Piotine. 

Massive.  In  nodules,  or  filling  cavities.  Soft,  like  butter  or  cheese,  bnt 
brittle  on  drying.  G.  =  2-24-2'30.  Luster  greasy.  Color  white,  yellowish, 
grayish  green,  bluish,  reddish.     Does  not  adhere  to  the  tongue. 

Comp. — A  hydrous  silicate  of  magnesium  and  aluminium;  but  the  material 
is  jimorphous  and  probably  always  impure,  and  hence  analyses  give  no  nniform 
results.  Contains  SiO,  40-45  p.  c,  Al,0,  5-10  p.  c,  MgO  19-26  p.  c.,  H,0  19- 
21  p.  c;  also  Fe,0,,  FeO,  etc. 

Pyr.,  etc.— B.B.  gives  out  water  very  readily  and  blackens;  thin  splinters  fuse  with 
difficulty  on  the  edge.     Decomposed  by  sulphuric  acid. 

Obs.— Occurs  in  cavities  in  basalt,  diabase,  etc. ;  also  with  serpentine.  Thus  at  Lliard 
Point,  Cornwall,  in  veins  In  serpentine;  at  various  localities  in  Scotland,  etc. 
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Baponite  is  from  9apo,  9oap;  and  piotlne  from  ittorrf?,  fat, 

Ocdadonite.  A  silicate  of  iron,  magnesium  and  potassium.  Earthy  or  in  miuute 
scales.  Very  soft.  Color  green.  From  cavities  in  amygdaloid  at  Mte.  Buldo  nenr 
Verona. 

Glanconite.  Essentially  a  hydrous  silicate  of  iron  and  potassium.  Amorphous,  and 
resembling  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  f  rnuular  massive.  Color 
dull  green.  Abundant  in  the  "green  sand,"  of  the  Chalk  formation,  sometimes  constitut- 
ing 75  to  90  p.  c.  of  the  whole. 

Pholidolite.  Corresponds  approximately  to  5H90.E,0.12(Fe,Mg)O.AI,Os.ldSiO<. 
In  minute  crystalline  scales.  G.  =  2'406.  Color  grayish  yellow.  From  Taberg  iu  Werm- 
laud,  Sweden,  with  garnet,  diopside,  etc. 


IV.    Kaolin  Division. 

KAOUNITE.     Kaolin. 

Monoclinic;  in  thin  rhombic,  rhomboidal  or  hexagonal  scales  or  plates 
with  angles  of  60^  and  VZO^.  IJsnally  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage:  basal,  perfect.  Flexible,  inelastic.  H.  =  2-2*5.  G.  =  2*6-2-63. 
Lnster  of  plates,  pearly;  of  mass,  pearly  to  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish  or  reddish.  Scales  transparent 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  Bxo±d.  Bx^  and  ax.  pi.  inclined  behind 
some  20°  to  normal  to  c  (001)  Dick.     Axial  angle  large,  approx.  90°. 

Var. — 1.  Kaoltnite.  In  crystalline  scales,  pure  white  and  with  a  satin  luster  in  the  mass. 
2.  Ordinary.  Common  kaolin,  in  part  in  crystalline  scales  but  more  or  less  impure 
including  the  compact  lUhamarge. 

Comp.— H,Al,Si,0„  or  2H,0.A1,0  .2SiO,  =  Silica  46*5,  alumina  39*5,  water 
14*0  =  100.    The  water  goes  off  at  a  high  temperature,  above  330°. 

Pyr.,  etc. — Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution. 
Insoluble  in  acids. 

Diff. — Characterized  bv  unctuous,  soapy  feel  and  the  alumina  reaction  B.B.  Resembles 
Infusorial  earth,  but  readilj^  distinguished  under  the  m{crosoo)>e. 

Oba.^-Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspar  of  grauitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  iu  vast  beds  of  kaolin, 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some 
of  the  other  minerals  present.  Pure  knolinite  in  scales  often  occurs  in  connection  with 
Iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  in  the  Tertiary  forma- 
tion, as  near  Richmond,  Va.  Also  met  with  sccompanying  diaspore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlnn  in  Bohemia:  in  argillaceous  schist  at 
Lod^ve,  Dept.  of  Herault,  France;  as  kaolin  at  Diendorf  (Bodenmais)  in  Bavaria:  at 
Schemuitz;  with  fluor  at  Zinnwald.  Yrieix,  near  Limoges,  is  the  best  locality  of  kaolin 
in  Europe  (a  discovery  of  1766);  it  affords  material  for  the  famous  Sevres  porcelain 
manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Cornwall  and  West  Devon, 
Eofflaiid. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wiimiugton,  Del.;  at  various 
localities  in  the  limonite  region  of  Vermont  (at  Brandon,  etc.),  Massachusetts,  Pennsyl- 
vania; Jacksonville,  Ala.;  Edgefield,  S.  C;  near  Auirusta,  Qa. 

The  name  Kaolin  is  a  corruption  of  the  Chinese  Kauling,  meaning  high  ridge,  the  name 
of  a  hill  near  Jauchau  Fu,  where  the  material  is  obtained. 

Pholerite  Near  kaolinite,  but  some  analyses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins.  Dept.  of  Allier,  France. 


Massive.    GlavJike  or  eartbv. 

Fracture  oonohoidal.    Hardly  plastic.     H.=  l-2.     O.  =  2*0-2  20.    Luster 
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somewhat  pearly,  or  waxy,  to  doll.  Color  white,  grayish,  greenishy  yellowish, 
bluish,  reddish.  Translucent  to  opaque,  sometimes  becoming  translucent  or 
even  transparent  in  water,  with  an  increase  of  one-fifth  in  weight. 

Var. — Ordinary.  Barthy  or  wnxy  io  luster,  and  opaque  massive.  QcUaptetiie  is  lialloys- 
ite  of  Aiiiilar.  PieudoiteaUte  of  Tliomsou  &  Binncy  is  an  impure  vnrieiy.  dark  greeu  in 
colo  .  with  H.  =  2*25,  G.  =  2'469.  Indinnaite  is  a  white  porcelaiu  clay  from  Lawrence* 
Co.,  Indiana,  where  it  occurs  with  allophaue  in  beds  four  to  ten  feet  thick. 

SmectiU  is  greenish,  and  in  certain  states  of  humidity  appears  transimrent  and  almost 
gelat  nous;  it  is  from  Condi,  near  Houdan,  France. 

Bole,  in  part,  may  belong  here;  that  is.  those  coloretl,  unctuous  clays  containing  more 
or  less  iron  oxide,  which  also  have  about  24  p.  c.  of  water;  the  iron  gives  them  a  brownirih, 
yellowish  or  reddish  color;  but  they  may  be  mixtures.  Here  he\oiigA  Berg9eife  (mountain- 
soap). 

Comp. — A  silicate  of  aluminium  (Al,0,.2SiO,)  like  kaolinite,  but  amor- 
phous and  containing  more  water;  the  amount  is  somewhat  uncertain,  but  the 
formula  is  probably  to  be  taken  as  H  Al,Si,0,+  aq,  or  2H,0.  Al,0,.2SiO,+  aq 
=  Silica  43-5,  alumina  369,  water  19-6  =  100. 

Pyr.,  etc. — Yields  water.  B.B.  infusible.  A  fine  blue  with  cobalt  soUiliou.  Decom- 
posed by  aci  Is. 

Obs. — Occurs  often  in  veins  or  beds  of  ore.  ns  a  secondary  product;  also  In  granite  and 
other  rocks,  bifing  derived  from  the  decomposition  of  some  aluminous  minerals. 

Newtonite.  IIiiAltSiaOit -f  nq*  lu  soft  white  compact  masses  resembling  kaoUo. 
Found  on  Sueed's  Creek  in  the  northern  part  of  Newton  Co.,  Arkansas. 


Oimolite.  A  hydrous  silicate  of  aluminium.  2A1aOs.9SiOs.6H«0.  Amorphous  clay- 
like,  or  chalky.  Very  soft.  G.  =  218-230.  Color  white,  grayish  white,  reddish.  From 
the  island  of  Argentieni  (Kimolos  of  the  Greeks). 

Montmorillonite.  Probably  n«AlaSi«0, a -f  n  aq.  Massive,  c'ay-1  ike.  Very  soft  and 
tender.  Luster  feeble  Color  white  or  gniyi<<li  to  rose-red,  and  bluish;  also  pistachio-green. 
Unctuous.  M mtmoTillonite,  from  Montniorillon,  France,  is  rose-red.  ConfoUnsiU  is  paler 
rose  red;  fr.  Confolens,  Dept.  of  Charente.  at  St.  Jean-de  Cdle,  near  Thiviers. 

Stolpenite  is  a  clay  from  the  basalt  of  Stolpen.  Suponite  of  Nickl^  is  a  white,  plastic, 
soap- like  clay  from  the  granite  from  which  issues  one  of  the  hot  springs  of  Plombieres, 
France,  called  Soap  Spring;  it  was  named  tmegmatite  by  Naumann. 


Monoclinic?  Foliated,  radiated  lamellar  or  somewhat  fibrous;  also  granu- 
lar to  comi)act  or  cryptocrystnlline;  the  latter  sometimes  slaty. 

Cleavage:  basal,  eminent.  Laminae  flexible,  not  elastic.  Feel  greasy. 
II  =  1-2.  G.  =  2*8-2-9.  Luster  of  folia  pearly;  of  massive  kinds  dull  and 
glistening.  Color  white,  apple-green,  grayish  and  brownish  green,  yellowish 
to  ocher  yellow,  grayish  white.  Sub  transparent  to  opaque.  Optically  — . 
Hx  _L  cleavage.     Ax.  angle  large,  to  108°. 

Var. — (1)  Fo'iatrd,  and  often  nuliated.  closely  resembling  talc  in  color,  feel,  luster  and 
fllrnctuni.  (2)  C >mpart  mnmre.  white,  grayish  and  greenish,  somewhat  resembling  com- 
part sieniiic.  or  French  chalk.  This  compact  variety  includes  part  of  what  has  gone  under 
tlie  iianu*  of  agalmatolite.  from  China;  it  is  used  for  slate-pencils,  and  is  sometimes  called 
jtenril-ttinue. 

Comp.— H,Al,(SiO.),  or  II,O.Al,0,.4SiO,  =  Silica  067, alumina 28-3,  water 
5  0  r=  100. 

Pyr..  etc  —Yields  water,  but  only  at  a  l:igli  temperature.  B.B.  whitens,  and  fuses 
with  ilimrultv  on  the  edei'S.  The  ladiatrd  varieties  exfoliate  in  fan-like  forms,  swelling 
up  to  niany  times  the  original  volume  of  the  assay.  Heated  and  moistened  with  cobalt 
solution  givrs  a  <leep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  and 
comp'eiely  on  fusion  with  alkaline  carlnmates. 
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Dift — ^Resembles  some  talc,  but  distinguished  bj  the  reaction  for  alumina  with  cobalt 
solution. 

Obs. — Compact  pjrrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
ated variety  is  ofien  the  gangue  of  cjauite.  Occurs  in  the  Ural;  at  Westaud,  Sweden; 
near  Ottrcz,  Luxembourg;  Ouro  Preto,  Brazil. 

Also  in  white  stellate  aegregatious  in  Cottonstone  Mtn.,  Mecklenburg  Co.,  N.  C  ;  in 
Chesterfield  Dist.,  8.  C,  with  lazulite  and  cyauite;  in  Lincoln  Co.,  Ga.,  on  Graves  Mtu. 
The  compact  kind,  at  Deep  River,  N.  C.  is  extensively  used  for  making  slate-pencils  and 
resembles  thu  so-called  agalmatolite  or  pagodite  of  China,  often  used  for  omnniental 
carvings. 


Amorphous.  In  incrustations,  usually  thin,  with  a  mammillary  surface, 
and  hyalite-like;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

Fracture  imperfectly  conchoidal  and  shining,  to  earthy.  Very  brittle. 
H.  =  3.  G.  =  r85-l'89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green,  brown, 
yellow  or  colorless.    Streak  uncolored.     Translucent. 

Comp. — Hydrous  aluminium  silicate,  Al,SiO^-|-  5U,0  =  Silica  23*8,  alumina 
40'5,  water  35*7  =  100.  Some  analyses  give  6  equivalents  of  water  =  Silica 
S2-2,  alumina  37*8,  water  40  0  =100. 

Impurities  are  often  present.  The  coloring  matter  of  the  blue  variety  is  due  to  traces 
of  chrysocolla.  and  sulmtances  intermediate  between  allophane  and  chrysocolla  (mixtures) 
are  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  yellowish  i>nd 
brown  by  iron. 

Pyr..  etc.— Yields  much  water  in  the  closed  lube.  B.B.  crumbles  but  is  infusible. 
Gives  a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydr  ochloric  ncid. 

Oba. — Allophane  is  regarded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.);  and  it  often  occurs  incrustine  fissures  or  cavities  in  mines,  especially 
thoee  of  copper  and  limonite,  and  even  in  beds  of  coal. 

Named  from  aXXoi.  oVier,  and  (paivea^ai,  to  appear,  in  allusion  to  its  change  of 
appearance  under  the  blowpipe. 

OoUyriXB.  2Al9Os.SiO9.9H1O.  A  clay  like  mineral,  white,  with  a  glimmering  luster, 
greasy  feel,  and  adhering  to  the  tongue      G.  =  2-2  15.     From  Ezquerra  in  the  Pyrenees. 

Schrftttorite.  dAUOs.SSiOs.SOHaO.  Resembles  allophane:  sometimes  like  gum  in 
appearance.  H.  =  8-3*6.  G.  =  1*95-2  05.  Color  pale  green  or  yellowish.  From  Dollin- 
eer  mountain,  near  Freienstein,  in  Styria;  at  the  Falls  of  Little  River,  on  the  Saud  Mtn.. 
Cherokee  Co.,  Alabama. 

The  following  are  clay-like  minerals  or  mineral  substances:  Sinopite,  smectite,  catlinite. 

Oenodte.    H4Ca9(Y,Er),CSi«0,T.     Color  yellowish  brown.     From  HitterO,  Norway. 

Thawnatite.  CaSiOs.CaCOs  CaS04.15H90.  Massive,  compact,  crystalline.  Cleavage 
in  traces.  H.  =  8  5.  G.  =  1*877.  Color  white.  Occurs  filling  cavities  and  crevices  at 
the  BJelke  mine,  near  Areskuta,  Jemtland,  Sweden:  at  first  soft,  but  hardens  on  exposure 
to  the  air.     Also  in  fibrous  crystalline  masses  at  Paterson,  N.  J. 

Uranophane  Uranotil.  CaO  2UOa.2SiOt  +  6H«0.  In  radiated  aggregations;  mas- 
sive, fibrous.  G.  =  3*81-3*90  Color  yellow.  From  the  granite  of  Kupferberg,  Silesia. 
{7ra>i<7<ft  occurs  at  WOlsendorf,  Bavaria;  Mitchell  Co.,  N.  C. 


0HRT8000LLA. 

Cryptocrystalline;  often  opal-like  or  enamel-like  in  texture;  earthy.     In- 
crusting  or  filling  seams.     Sometimes  botryoidal. 

i  Fracture  oonchoidal.  Rather  sectile;  translucent  varieties  brittle.  H.  = 
2-4.  6.  =  2-2  238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
green,  bluish  green,  passing  into  sky-blue  and  turquois-blue;  brown  to  black 
when  impure.     StreaK,  when  pure,  white.    Translucent  to  opaque. 

Gomf. — True  chrysocolla  appears  to  correspond  to  CuSi0,+  2H,0  =  Silica 
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34*3,  copper  oxide  45*2,  water  20*5  =  100,  the  water  being  double  that  of 
dioptase. 

Composition  varies  much  tb rough  impuities;  free  silica,  also  alumina,  black  oxide  of 
copper,  oxide  of  iron  (or  limonite)  and  oxide  of  manganese  may  be  present;  the  color  con- 
sequently varies  from  bluish  green  to  brown  and  black. 

Pyr  ,  etc.  —In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  the 
flame  emeraldi^reen,  but  is  infusible.  With  the  fluxes  gives  the  reactions  for  copper. 
With  soda  and  charcoal  a  globule  of  metallic  copper.  I>ecomposed  by  acids  without 
gelatinization. 

Obs  — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  in  copper  mines  in  Cornwall;  Himgary;  Siberia;  Saxony;  South  Australia;  Chili, 
etc. 

In  the  U.  S.,  similarly  at  the  Schuyler's  mines.  New  Jersey;  at  Morgan  to  wn.Pu.;  at  the 
Clifton  mines.  Graham  Co.,  Arizona;  Emma  mine.  Utah. 

ChryiocoUa  is  from  xPv<^oS,  gold,  and  KoXXa.  glus,  and  was  the  name  of  a  material  used 
in  soldering  gold.    The  name  is  often  applied  now  to  borax,  which  is  so  employed. 

OHIiOROPAI.. 

Compact  masslTe,  with  an  opal-like  appearance;  earthy. 

H.  =  2-5-4-5.  G.  =  1*737-1'870,  earthy  varieties,  the  second  a  conchoidal 
specimen;  2105,  Ceylon,  Thomson.  Color  greenish  yellow  and  pistachio- 
green.  Opaque  to  subtranslucent.  Fragile.  Fracture  conchoidal  and  splintery 
to  earthy.    Feebly  adhering  to  the  tongtle,  and  meager  to  the  touch. 

Var. — Chloropal  bas  the  above-mentioned  characters,  and  was  named  from  the  Hunga- 
rinn  mineral  occurring  at  Uughwar. 

NorUronite  is  pale  straw -yellow  or  canary-yellow,  and  ereenish,  with  an  unctuous  feel; 
flattens  and  grows  lumpy  under  the  )>estle.  and  is  polished  by  friction;  from  Nontron, 
Dept.  of  Dordogne.  France.  PitiguiU  is  siskin-  and  oil-green,  extremely  soft,  like  new- 
made  soap,  with  a  slightly  resinous  luster,  not  adhering  to  the  tongue:  from  Wolkenstein 
in  Saxony.  QraminiU  has  a  grass-green  color  (whence  the  name),  and  occurs  at  Mensen- 
berg.  in  the  Siebeugebirge,  in  thin  fibrous  seams,  or  as  delicate  lamellae. 

Comp. — A  hyd rated  silicate  of  ferric  iron,  perhaps  with  the  general  formula 
H,Fe,(SiO J.  +  2H,0  or  Fe,0..3SiO,.5H,0  =  Silica  41-9,  iron  sesquioxide  37-2, 
water  20*9  =  100.     Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opnl.  and  graduates  into  it,  and  this  accounts  for  the  hit^h  silica  of  some  of  its  analyses. 

Obs. —Localities  mentioned  above  Chloropal  occurs  also  at  Meenser  Stein l)crg  near 
05itiniren;  pinguite  at  Sternberg,  Moravia.  On  Lehigh  Mt.,  Pa.,  south  of  Allentown, 
occurs  in  connection  with  iron  depisits. 

H(EFEttiTE.     An  iron  silicate  near  chloropal.     Color  green.     From  Efitz,  Bohemia. 

Hisingerite.  A  hyd  rated  ferric  silicate,  of  uncertain  composition.  Amorphous,  com- 
pact. Fracture  conchoidal.  H.  =  3.  G.  =  2'5-30.  Luster  greasy.  Color  black  to  brown- 
inh  black.  Streak  yellowish  brown.  From  Riddarhyttan,  Tunaberg,  Sweden;  L&ngban, 
etc.,  Norway. 


The  following  arc  hydrous  manganese  silicates. 

Bementite.  Approximately  2MnSiOa.H,0.  In  soft  radiated  masses  resembling  pyro- 
phyllite.  G.  =  2-981.  Color  pale  grayish  yellow.  From  the  zinc  mines  of  Franklin  Fur- 
nace. N.  J. 

Oaryopilite.  Approximately  4Mn0.3SiOa.3H,0.  In  stalactitic  and  reniform  shapes. 
G.  =  2-83-2-9I.     Color  brown.     From  the  Harstig  mine  near  Pajsberg,  Sweden. 

Neotocite.  A  hydnited  silicate  of  manganese  and  iron,  of  doubtful  composition,  usu- 
ally derived  from  the  alteration  of  rhodonite.  Amorphous  Color  black  to  dark  brown 
and  liver-brown. 
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TITAKO-SZIJCATES,  TITAITATES. 

This  sectioa  includes  tbe  common  calcium  titano-flilictite,  Titanite;  also  a 
namber  of  silicates  which  coDtaiu  titanium,  bnt  whose  relations  are  not  alto- 
gether clear:  further  the  titanate,  Perovakite,  and  niobo-titanate,  Dysanalyte, 
which  is  intermediate  between  Perovskite  and  the  species  Pjrocblore,  Micro- 
lite,  Eoppite  of  the  following  chapter. 

In  geueni  (he  pari  plumed  by  litanium  In  the  many  sillcKtea  in  which  It  etiten  Ji  more 
or  leM  uiicertalu.  It  is  probably  iu  mosl  casei,  aiBhuwo  In  [he  preceding  psges,  to  h«iaken 
as  replnciog  Ibe  sillcou;  Id  others,  however,  iiHi-ms  to  play  the  part  oFa  basic  elenieut;  Iu 
acburlonilte  (p.  419)  it  may  eoleriu  both  relattonB. 

TITAHTrB.    Bphene. 

MoDOclinic.    Axes  di :  J  :  i  =  0  7547  : 1  :  0  8543  ;  /J  =  60°  17'. 
mm"'.  110  A  liO=   66*  SO'.  "^*-  '**■ 

ex.  001  A  102  =  Sr  0". 
*f*,  031  A  <fil  =  112°  ff. 
nn',  111  aU1=  48-49'. 
W.  IlflA  ii8=  46*  7i'. 
en.  001  A  HI  =  BS"  ir. 
em.  001  A  110  =  66*  SO-. 
et.       OOl  A  il3  =   40*  84'. 


Twins:  tw.  pi.  a  rath- 
er  common,  both  contact- 
twins  and  cmcifonn  pen- 
etration-twins. Crystals 
very  varied  in  habit ; 
often  wedge-shaped  and 
flattened  |  c;  also  pris- 
matic. Sometimes  mas- 
sive, compact;  rarely 
lamellar. 

Cleavage:  m  rather  distinct ;  a,  I  (ll2)  imperfect;  in  greenovite,  n  (111) 
easy,  t  (111)   less  so  (Dx.).     Parting  often  easy  1  tj  (221)  due  to  twinning 


lamellae.  H.  =  5-5*5.  G.  =  3'4-3-56;  3-541  Chester,  Pirsson.  Luster  ada- 
mantine to  resinons.  Color  brown,  gray,  yellow,  green,  rose-red  and  black. 
Streak  white,  slightly  reddish  in  greenovite.    Transparent  to  opaqne. 
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Pleochroism  in  general  rather  feeble,  but  distinct  in  deep-colored  kinds: 
c,  red  with  tinge  of  yellow;  b,  yellow,  often  greenish;  a,  nearly  colorless.  Opti- 
cally +.  Ax.  pi.  I  0.  Bx  nearly  X  ^  (102),  i.e.,  Bx  /\  (5  =  -j-  51®.  Dispersion 
p  >  V  very  large,  and  hence  the  peculiarity  of  the  axial  interference-figure  in 
white  light.  Axial  angles  variable.  2E,=  60®  to  90®.  /Sj  =  1-894.  Bire- 
fringence  high,  y  —  a  =  0*12 1. 

Vur.— 'Ordinary,  (a)  TUanite;  brown  to  black,  the  original  being  thus  colored,  also 
opaque  or  subtrauslucent.  (b)  J^hene  (uamed  from  <T<prjy,  a  wedge);  of  li^ht  shades,  as 
yelluw,  greenish,  etc.,  and  often  translucent;  the  original  was  yellow.  X^nteis  an  apple- 
green  spheue.  Spinthere  (or  Semeline)  a  greenish  kind.  Lederite  is  brown,  opaque,  or  sub- 
translucent,  of  the  fomi  in  Fig.  916. 

Titanomorphite  is  a  white  mostly  granular  alteration-product  of  rutile  and  ilmenite,  not 
uncommon  in  certain  cr^'Stal line  rocks;  here  also  belongs  most  leucoxene  (see  p.  89^7). 

Manganetiau ;  Oreenoviie,  Red  or  rose-colored,  owing  to  the  presence  of  a  little  man- 
ganese; from  St.  Marcel. 

Containing  yttrium  or  cerium.    Here  belong  grothite,  alshedite,  eucolite-titanite. 

Comp.— CaTiSiO.  or  CaO.TiO,.SiO,  =  Silica  306,  titanium  dioxide  408, 
lime  28*6  =  100.  Iron  is  ()resent  in  varying  amounts,  sometimes  manganese 
and  also  yttrium  in  some  kinds. 

Pyr.,  etc.— B.B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  8  with  intu- 
mescence, to  a  yellow,  brown  or  black  glass.  With  borax  they  afford  a  clear  yellowish- 
green  glass.  Imperfectly  soluble  in  heated  hydrochloric  acid  ;  and  if  the  solution  be  con- 
centrated along  with  tin,  it  becomes  of  a  fine  violet  color.  With  salt  of  phoBphorus  in  R.F. 
gives  a  violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  with  the  flux  on 
charcoal  with  metallic  tin.     Completely  decomposed  by  sulphuric  and  hydrofluoric  acids. 

Diff. — Characterized  by  its  oblique  crystallization,  a  wedge-shaped  form  common  ;  by 
resinous  (or  adamantine)  luster  ;  hardness  less  than  that  of  staurolite  and  greater  than  that  of 
sphalerite.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  containing 
much  iron. 

Distinguished  in  thin  sections  by  its  acute-angled  form,  often  lozenge-shaped  ;  its  gen- 
erally pale  brown  tone ;  very  high  relief  and  remarkable  birefringence,  causing  the  section 
to  show  white  of  the  higher  order ;  by  its  biaxial  character  (showing  many  lemniscate 
curves) ;  and  by  its  great  dispersion,  which  produces  colored  hyperbolas. 

Obs. — Titanite,  as  an  accessory  component,  is  widespread  as  a  rock>forming  mincni], 
though  confined  mostly  to  the  aciaic  feldspathic  igneous  rocks ;  it  is  much  more  common 
in  the  plntouic  granular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  the  more 
basic  hornblende  granites,  syenites,  and  diorites,  and  is  especially  common  and  character- 
istic in  the  ncphelite-syenites.  It  occurs  also  in  the  metamorphic  rocks  and  especially  in 
the  schists,  gneisses,  etc.,  rich  in  magnesia  and  iron  and  in  certain  granular  limestones.  It 
is  also  found  in  beds  of  iron  ore  ;  commonly  associated  minerals  are  pyroxene,  amphibole. 
chlorite,  scapolitc,  zircon,  apatite,  etc.  In  cavities  in  gneiss  and  granite,  it  often  accom- 
panies adularia,  smoky  quartz,  apatite,  chlorite,  etc. 

Occurs  at  various  points  in  the  Orisons.  Switzerland,  associated  with  feldspar  and 
chlorite:  Tavetsch;  in  the  St.  Goiliard  region;  Zermatt  in  the  Valais;  Maderanertfaal  in 
Uri;  also  elsewhere  in  the  Alj^s:  in  Dauphine  (spinthere);  at  Ala,  Piedmont  (liguriU):  at 
St.  Mm  eel,  in  Picdniont:  at  Schwnrzenstein  and  Kothenkopf  in  the  Zillerthal,  Pfitsch, 
Tyrol;  ZOpiau,  Moravia;  near  Tavistock:  near  Tremadoc,  in  North  Wales;  in  titanic  iron 
at  Arenilul,  in  Norway;  with  magnetite  at  Nordmark,  Sweden;  Achmatovsk,  Ural.  Occa- 
sionally found  among  volcanic  rocks,  as  at  Lake  Laach  (eemeline)  and  at  Andernach  on  the 
Uhiiic. 

In  Maine,  in  fine  crystals  at  Sandford.  In  Mass.,  in  gneiss,  in  the  east  part  of  Lee:  at 
Bolton  with  pyroxene  and  scapolite  in  limestone.  In  N.  York,  at  Roger's  Rock  on  Lake 
George,  abundant  in  small  brown  crystals:  at  Gouvemeur,  in  black  crystahi  in  granular 
limestone;  in  Diana  near  Natural  Bridge.  Lewis  Co.,  in  large  dark  brown  crystals,  among 
which  is  the  variety  ledtrit^  ;  at  Rossie,  Fine.  Pitcairn,  St.  Lawrence  Co.;  in  Orange  Co.. 
in  limestone;  near  Edcnville.  in  light  brown  crystals  in  limestone ;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  N,  Jersey,  at  Franklin  Furnace,  honey-yellow.  In ' Ptnn  . 
Bucks  Co.,  three  miles  west  of  Attleboro',  associated  with  wollastonite  and  grmphite  In 
i\r.  Carolina,  at  Statesville.  Iredell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co 
Alexander  Co.,  and  other  points. 
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Occurs  iu  Canada,  alGreuville.  Argenteuil  Co.;  also  Buckiogliam,  Templeton,  Wake- 
field, Hull,  Ottawa  Co.;  tit  N.  Burgess,  houey-yellow;  uear  Bganville,  Reufrew  Co., 
Ontario,  in  very  large  dark  browu  crystals  with  apatite,  amphlbole,  zircon. 

KeUhatiite.  A  titano-silicate  of  calcium,  aluminium,  ferric  iron,  and  the  yttrium 
metals.  Crystals  near  titanite  in  liabit  and  angles.  H.  =  6*5.  Q.  =  8*52-3*77.  Color 
brownish  black.     From  near  Areudal,  Norway. 

GTUurinite.  CaTiSiO*.  as  for  titanite.  In  minute  tliin  tables,  flattened  |  b  (010),  nearly 
tetragonal  in  form.  H.  =6.  Q.  =  8*487.  Color  sulphur-yellow,  honey -yellow.  Found 
in  a  grayish  trachyte  on  Monte  Somma. 

TaohefiOdnite.  A  titano  silicate  of  the  cerium  metals,  iron,  etc..  but  an  alteration- 
product,  more  or  less  heterogeneous,  and  the  composition  of  the  original  minenil  is  very 
uncertain.  Massive,  amorphous.  H.  =  5-5*5.  G.  =  4*508-4*549  Co!or  velvet- black. 
From  the  Ilmen  mountains  in  the  Ural.  Also  from  8.  India,  probably  Kanjamulai  Hill, 
Salem  distr.  An  isolated  noAss  weighing  20  lbs.  has  been  found  on  Hat  Creek,  near  Has- 
sle's Mills,  Nelson  Co  ,  Virginia;  also  found,  south  of  this  point,  in  Bedford  Co. 

Astrophvllite.  Probably  R4R4Ti(Si04)4  with  R  =  H,  Nn.  K.  and  R  =  Pe.  Mn  chiefly, 
including  also  FcaOs.  In  elongiited  crystals;  also  in  thin  strips  or  blades;  sometimes  in 
stellate  groups.  Cleavage:  6  perfect  like  mica,  but  laminae  brittle.  H.  =  8.  Q.  =  8  3-8*4. 
Luster  submetallic,  pearly.    Color  bronze-yellow  to  gold-yellow. 

Occurs  on  the  small  islands  in  the  Langesund  fiord,  near  Brevik,  Norway,  in  elaeolite- 
syenite,  embedded  in  feldspar,  with  catiipleiite,  ffigiiite,  black  mica,  etc.  Similarly  at 
Kangerdluarsuk,  Greenland.  Also  with  arfvedsouite  and  zircon  at  St.  Peter's  Dome, 
Pike's  Peak,  El  Paso  Co.,  Colo. 

Johnstrupite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefiy.  with 
titanium  and  fluorine.    In  prismatic  crystals.     Q.  =  3*29.     From  near  Barkevik,  Norway. 

Moaandrite.     Near  johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite,  is  from  Greenland. 

Neptonite.  A  titano-silicate  of  iron  (manganese)  and  the  alkali  metals.  In  prismatic 
moDOclinic  crystals.     H.  =  5-6.     G.  =  3*23.     Color  black.     Southern  Greenland. 


Perofskile. 

Isometric  or  pseudo-isometric.  Crystals  in  general  (Ural,  Zermatt)  cubic 
in  habit  and  often  highly  modified,  but  the  faces  often  irregularly  distributed. 
Cubic  faces  striated  parallel  to  the  ed^es  and  apparently  penetration  twins,  as 
if  of  pyritohedral  inaividuals.      Also  in  reniform  masses  showing  small  cubes. 

Cleavage  :  cubic,  rather  perfect.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  5*5.  G.  =  4  017-4*039  Zermatt.  Luster  adamantine  to  metal- 
lic-adamantine. Color  pale  yellow,  honey-yellow,  orange-yellov,  reddish 
brown,  grayish  black.  Streak  colorless,  grayish.  Transparent  to  opaque. 
Usually  exhibits  anomalous  double  refraction. 

Geometrically  considered,  perovskite  conforms  to  the  isometric  system;  optically,  how- 
ever,  it  is  uniformly  bijizial  and  usually  positive.  The  molecular  structure  (also  as  devel- 
oped by  etching.  Baunihauer)  seems  to  correspond  to  orthorhombic  symmetry.   Cf.  Art.  411. 

Comp. — Calcium  titanate,  CaTiO,  =  Titanium  dioxide  58*9,  lime  41*1  = 
1(K).     Iron  is  present  in  small  amount  replacing  the  calcium. 

Pyr..  ©tc. — In  the  forceps  and  on  chnrcoal  infusible.  With  salt  of  phosphorus  in  O.P. 
dissolves  easily,  giving  a  greenish  bead  while  hot,  which  becomes  colorless  on  cooling; 
in  K.F.  the  bead  changes  to  grayish  green,  and  on  cooling  assumes  a  violet-blue  color. 
Entirely  decomposed  by  boiling  sulphuric  acid. 

Obs. — Occurs  in  small  crystals,  associated  with  chlorite,  and  magnetic  iron  in  chlorite 
slate,  at  Acbmatovsk,  near  Zliit oust,  in  the  Unil:  at  Schelingen  in  the  Kaiserstuhl.  in  gniuulai 
limestODe;  in  the  valley  of  Zermatt.  near  the  Findelen  glacier;  at  Wildkreuzjoch,  between 
Ptitsch  and  Pfunders  in  Tyrol.  Sometimes  noted  in  microscopic  octahedral  crystals  as  a 
rock  constituent;  thus  in  nephelite-  and  melilite-basalts;  also  in  serpentine  (altered  perido- 
lite)  al  Syracuse,  N.  T. 
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B^nopiie.  Near  peroTdLite  but  coDtains  cerium.  In  black  isometric  crystals.  From 
AIdO,  Sweden. 

Dysanalyte.  A  UtaDO-niobate  of  calcium  and  iron.  In  cubic  crystals.  From  the 
granular  limestone  of  Vogtsburg,  Kaiserstuhlgebirge,  Baden.  Has  previously  been  called 
peroYskite,  but  is  in  fact  intermediate  between  the  titanate,  peroyskite,  and  the  niobates, 
pyrochlore  and  koppite. 

A  related  mineral,  which  has  also  long  passed  as  perovskite,  occurs  with  magnetite, 
brookite,  rutile,  etc. ,  at  Magnet  Coye,  Arkansas.  It  is  in  octahedrons  or  cubo-octahedruns, 
black  or  brownish  black  in  color  and  submetallic  in  luster. 

See  also  the  allied  titanate,  bixbyite,  mentioned  on  p.  843. 

Oeikielite.  Magnesium  titanate,  MgTiOs.  Massiye,  as  rolled  pebbles.  H.  =  6. 
G.  =  4.    Ck)lor  bluish  or  brownish  black.    From  Ceylon. 
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Oxygen  Salts. 
8.   NIOBATES,  TANTAIiATES. 

The  Niobates  (Golumbates)  and  Tantalates  are  chiefly  salts  of  metaniobio 
and  metatantalic  acid,  RNb,0,  and  RTa,0,;  also  in  part  Pyroniobate8,R,Nb,0„ 
etc.  Titanium  is  prominent  in  a  number  of  the  8{)ecie8,  which  are  hence  inter- 
mediate between  tne  niobates  and  titanates.  Niobium  and  tantalum  also  enter 
into  the  composition  of  a  few  rare  silicates,  as  w5hlerite,  lavenite,  etc. 

The  following  groups  may  be  mentioned : 

The  isometric  Ptrochlore  Oroup,  including  pyrochlore,  microlite,  eto 
The  tetragonal  Fbrgusonitb  Oroup,  including  fergusonite  and  sipylite 
The  orthorhombic  Golumbitb  Oroup,  including  columbite  and  tantalite 
Also  the  orthorhombic  Samarskitb  Oroup,  including  yttrotantalite,  samarsk 
ite,  and  annerodite. 

The  species  belonging  in  this  class  are  for  the  most  part  rare,  and  are 
hence  but  briefly  describ^. 


FeO 

MgO    NaO,      P 

1-84 

0  28      6  01        — 

1003 

019      812     290 

[ign.  1-89=  101-52 

Isometric.    Commonly  in  octahedrons;  also  in  grains. 

Cleavage:  octahedrai^»s<wnetimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5*5.  G.  =  4*2-4'Wl°  Luster  vitreous  or  resinous,  the  latter  on  fracture 
lurfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light  brown, 
yellowish  brown.    Subtranslucent  to  opaque. 

Comp.— Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other  bases, 
with  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metaniobate 
with  a  titanate,  RNb,O..R(Ti,Th)0,;  fluorine  is  also  present. 

The  following  are  analyses  by  Rammelsberg  : 

G.         Nb,0.     TiO,    TbO,    Ce.O,     CaO 
Hiask  4  ^59    |  5819      10  47      7*56      700      14  21 

PredriksTftro      4*228       4718      1852       —       7*80      15*94 

Obi.— Occurs  in  elsolite-syenite  at  Fredriksvftm  and  Lnuryik.  NorwRv;  od  tbe  island 
LOvO.  opposite  Brevik,  and  at  seycral  points  in  the  Lanpresiind  fiord;  near  MiHsk  in  tbe  Ural. 
S^amed  from  nvp.fiM^  and  x^f^po^'  green,  because  B.B.  it  becomes  yellowiAb  green. 

Koppito.  Essentially  a  pyroniobnte  of  cerium,  calcium,  etc.,  near  pyrocblore  In 
niuute  brown  dodecahedrons.  6.  =  4*45-4*56.  From  Schelingen,  Kaiserstuhl,  embedded 
n  limestone. 

HatchettoUto.  A  tantalo-niobate  of  uranium,  near  pyrocblore.  In  octahedrons  with 
I  (100)  aad  m  (811).  G.  =  4'77-4'90.  Color  yellowish  brown.  Occurs  with  samarskite, 
it  the  mica  mines  of  Mitchell  Co.,  North  Carolina. 

BSioroUie.  Essentially  a  calcium  pyrotantalate.  CRaTa«OT.  but  containing  also  uio* 
)ium,  fluorine  and  a  variety  of  bases  in  small  amount.  Isometric.  Habit  octuhedrnl : 
crystals  often  Terr  small  and  higlily  modified  (Fig.  109.  p.  40).  H.  =  5  5.  O.  =5-4b5- 
S*562;  6*18  Virginia.  Color  pale  yellow  to  browu.  rarely  hyacinth-red.  From  Chesterfield, 
klafls.,  In  albite;  Branchyille,  Conn.;  UtO.  Sweden.  Also  in  fine  crystals  up  to  1  in.  in 
liameler  at  the  mica  mines  at  Amelia  Court- House,  Amelia  Co  ,  Va. 
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Ptkbhitb.  Probably  a  niobate  related  to  pyrocUlore,  and  perhaps  identical  with 
inicroliie.  Occurs  iu  minute  orange-yellow  octahearons.  From  AJabashka,  near  MursiDka 
in  the  Urul. 


FEROUSONITE.     TyHte.     Bragite. 

Tetragonal-pyramidal.  Axis  i  =  1'4643.  Crystals  pyramidal  or  prismatic 
in  habit. 

Cleavage:  5  (111)  in  traces.  Fracture  subconchoidal.  Brittle,  H.  =  5'5-6. 
G.  =  5*8,  diminishing  to  4*«^  when  largely  hydrated.  Luster  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic.  Color  brownish  black; 
in  thin  scales  pale  liver-brown.    Streak  pale  brown.    Subtranslncent  to  opaque. 

Comp. — Essentially  a  metaniobate  (and  tantalate)  of  yttrium  with  erbium, 
cerium,  uranium,  etc.,  in  varying  amounts;   also  iron,  calcium,  etc.     Oeueral 

formula  R(Nb,Ta)0,  with  R  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  an 
on^inal  constituent;  the  specific  gravity  falls  as  the  amount  increases.  Analyses  by  Ram- 
melsberg: 

G.     Nb,0.  Tn,0.  UO,   WO,  8nO,  y,0,  Er,0,  Ce,0,  FeO  CnO  H,0 
Greenland.  Ferg.  5  577    44  45      680    258    015    0*47   24  87    9  81    7  68*  074   0-61    1*49 

[=  9910 

Ytterbf,  yw.         4774    2814    27  04    213     —      —     2445   8*26      —     072   417    512 

[=  100-03 

>  Incl.  5-68  Di,0„La,0,. 

Obs.— From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ylterbv,  Sweden,  and 
K&rarfvct.  Tyrite  is  associated  with  euxcnite  nt  Humpemyr  on  the  island  of  Trom5.  and 
Ilelle  on  the  mninlaiui:  bragite  is  from  Helle,  Narestf^,  etc.,  Norway. 

Found  in  the  U.  S..  at  Kockport,  Mass..  in  granite;'  in'  the  Bnhdletown  gold  district, 
Burke  Co..  N  C,  in  gold  washings;  with  zircon  in  Anderson  Co.,. 6.  Carolina;  at  the 
gndolinite  loaility  in  Llano  Co.,  Texas,  iu  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  cerium  metals,  etc.,  near  fergusonite 
iu  form.  Rarely  in  octahedral  crystals.  Usually  iu  irregular  masses.  G.  =  4*89.  Color 
brownish  black   to  brownish  orange.     Occurs  sparingly  with  allanite  in  Amlierst  Ca, 

irguim. 
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Orthorhombic.     Axes  a  :  I :  i  =  0-8285  :  1  :  0-889.8. 

yj/,      210  A  210  =  45**    0'.  ce/    001  a  021  =  60*  40'. 

mw  ',  110  A  no  =  79'  17'.  oo,      100  A  111  =  51'  16'. 

gg",      130  A  130  =  43°  50'.  eu,      001  a  138  =  48*  48'. 

ck,        001  A  103  =  19M2  .  uu',    138  A  133  =  29**  57*. 

eg.        001  A  023  =  30'  41'.  uu"\  133  A  1^3  =  79*  54'. 

Twins:  tw.  pi.  e  (021)  coTnmon,  iisnallv  contact-twins,  heart-shaped  (Figs. 
347,  p.  118),  also  penetration-twins;  further  tw.  pi.  q  (023)  rare  (Pi^.  404,?. 
281).  Crystals  sliort  pristnatic,  often  rectanoriilar  prisms  with  the  piT.acoids, 
n  b  c,  prominent;  also  thin  tabular  ||  a:  the  pyramids  often  but  sliffhtW 
developed,  sometimes,  however,  actitelv  terminated  by  u  (133)  alone  Also  in 
large  groups  of  parallel  crystals,  and  massive. 

Cleavage:  «  rather  distinct;  b  less  so.  Fracture  subconchoidal  to  uneTen. 
Bnttle.  H.  =  6  G  =  5-3-7;3  varying  with  the  composition  (tee  below). 
Luster  snbmetalhc,  often  very  brilliant,  sub-resinous.    Color  iron-UMk  gnjUi 
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and  brownish  black,  opaque;  rarely  reddish  brown  and  translucent ;  frequently 
iridescent.    Streak  dark  red  to  black. 


924. 


926. 


926. 


MlddletowD. 


Black  Hills. 


Greenland. 


CommYar. — Niobateand  tantalateof  iron  and  manganese,  (Fe,Mu)(Nb/ra),0.y 
passing  by  insensible  gradations  from  normal  Columbite,  the  nearly  pure 
niobato,  to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron  and  man- 
ganese also  vary  widely.  Tin  and  wolfram  are  present  in  small  amount.  The 
percentage  composition  for  FeNb,0,  =  Niobium  peutoxide  82*7,  iron  protoxide 
17-3  =  100;  for  FeTa.O,  =  Tantalum  pentoxide  86  1,  iron  protoxide  13*9  =  100 

Id  some  varieties,  manganocoluvnbile  or  manganotantalite,  the  iron  is  largely  replaced  by 
manganese. 

The  connection  between  the  specific  gravity  and  the  percentage  of  metallic  acids  is  shown 
in  the  following  table : 


G. 

Ta,0. 

G. 

Ta,0. 

Greenland 

6*86 

8-3 

Bodenmais 

6-92 

271 

Acworth,  K.  H. 

606 

15-8 

Haddam 

605 

30-4 

Limoges 

5-70 

13-8 

Bodenmais 

6-06 

854 

Bodenmais  {DiamU) 

5-74 

13-4 

Haddam 

618 

81*5 

Haddam 

5-85 

100 

Tanialite 

703 

656 

IMA  —  Distinguished  (from  black  tourmaline,  etc.)  by  orthorhombic  crvstallization, 
rectangular  forms  common;  high  specific  eravity;  submetallic  luster,  often  with  iridescent 
surface;  cleava^  much  less  distinct  than  for  wolframite. 

"Pyr. ,  etc. — ^For  tanialite.B.'B.  nlone  unaltered.  With  salt  of  phosphorus  dissolves  slowly, 
giving  an  iron  glass,  which  in  R.F.  is  pale  yellow  on  cooling;  treated  with  tin  on  charcoal 
it  becomes  green.  Decomposed  on  fusion  with  potassium  bisulpliate  in  the  platinum  spoor, 
and  gives  on  treatment  with  dilute  hydrochloric  acid  a  yellow  solution  and  a  heavy  whi  e 
powder,  which,  on  addition  of  metallic  zinc,  assumes  a  smalt-blue  color;  on  dilution  with 
water  tiie  blue  color  soon  disappears.  Columbite,  when  decomposed  by  fusion  with  caustic 
potash,  and  treated  with  hvdrochloric  and  sulphuric  acids,  gives,  on  the  addition  of  zinc,  a 
blue  color  more  lasting  than  with  tnutalite.  Partially  decomposed  whrn  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  Hffht  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it 
gives  a  beautiful  blue. 

Obs  —Columbite  occurs  at  Rnbcnstein  and  Bodenmais.  Bavaria,  in  granite;  Tammela. 
in  Finland;  Chanteloube.  near  Limoges,  in  pegmatite  with  tantalite;  near  Miask.  in  the 
Ilmen  Mts..  with  saroarskite;  in  the  ?old-washings  of  the  Sanarka  region  in  the  Ural:  in 
Greenland,  In  cryolite,  at  Ivigtut  for  EvigtokV  in  brilliant  crystals. 

in  the  United  States,  in  Maine,  at  Standish.  in  splendent  crystals  in  granite;  also  at 
Stoneham  with  csssiterite.  etc.  In  iV.  ff'trnpn^nre,  at  Acworth.  at  the  mica  mine  In 
lf<Mr.,  at  Chesterfield;  Northfleld.  Mass  In  Conneeticvt,  at  Haddam,  in  a  granite  vein; 
near  Middletpwn:  at  Branchville,  Fairfield  Co..  in  a  vein  of  albitic  granite,  in  large  crystals 
and  aggregatet  of  crystals,  also  in  minute  translucent  crystals  (manganocolumbiie),  upon 
fpodumene.    In  y.  York,  at  Greenfield,  with  chrysoberyl.    In  Penn.,  Mineral  Hill.  Dela- 
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ware  Co.  In  Virginia,  Amelia  Co.,  io  fine  splendent  crvstnls  with  microlite,  monazite,  etc 
In  N.  Carolina,  with  samarskite  at  the  mica  mines  of  Mitchell  Co.  In  Colorado,  on  micro- 
<'iiiie  ai  the  Pike's  Peak  region;  Turkey  Creek.  Jefferson  Co.  Io  8.  Dakota,  iu  the  Black 
Hills  region,  common  in  the  granite  veins.    In  California,  King's  Creek  distr.,  Fresno  Co. 

Mangantantalite  (NordenskiOld)  from  Ut5,  Sweden,  occurs  with  pctalite,  lepidolite, 
microlite.  etc.  ManganoiantaliU  (Arzruui)  is  from  gold-washings  in  the  Sanarka  region  in 
the  Ural. 

Massive  tantalite  occurs  in  Finland,  in  Tammela,  at  Hftrkftsaari  near  Torro;  in  Kimlto,  at 
8kogb61e;  in  Somero  at  Kaidasuo,  and  in  Kuortane  at  Katiuhi,  with  lepidolite,  tourmaline, 
and  beryl;  in  Sweden,  nenr  Falun,  at  Broddbo  and  Finbo;  in  France,  at  Chanteloube  near 
Limoges  in  pegmatite.  In  the  U  6..  in  Yancey  Co.,  N.  C;  Coosa  Co.,  Ala.;  also  in  the 
Black  Hills,  S.  Dakota. 

8koob()litb  is  essentially  FeTasO«.  like  normal  tantalite,  but  occurs  in  prismatic  crystals 
of  different  angles;  the  prism  is  near  that  of  samarskite.  From  Hftrkftsaari  in  Tammela. 
Finland;  also  from  SkogbOle  in  Kimito.  Ixiolitb.  from  SkogbOle,  is  a  niobo-tautalate  of 
iron  and  manganese;  also  containing  tin;  relathms  doubtful. 

Tapiolite.  Fe(Ta,Nb)aO«.  Like  tnutalite.  but  occurring  in  square  octahedrona. 
O.  =  7  496.     Color  pure  black.     From  the  Kulmala  farm,  Tammela,  Finland. 


YTTROTANTAIilTB. 

Orthorhoinbic.  Axes  ^  :  5  :  d  =  0*5412  :  1 :  1'1330.  Crystals  prismatic, 
mm'"  =  56^  50'. 

Cleavage:  b  very  indistinct.  Fracture  small  conchoidal.  H.  =  5-5*5. 
G.  =  5*5-5*9.  Luster  submetallic  to  vitreous  and  greasy.  Color  black,  brown, 
brownish  yellow,  straw-yellow.  Streak  gray  to  colorless.  Opaque  to  sub- 
translucent. 

n  m  n  m 

Comp.— Essentially  RR,(Ta,Nb),0,.  +  4U,0,  with  R  =  Fe,  Ca,  R  =  Y,  Er, 
Ce,  etc.     The  water  may  be  secondary.     Analysis  by  Rammelsberg: 

Ta,0.    N1>,0.  WO,    8nO,    Y,0,  Er,0,  Ce,0,    UO,    FeO     CaO     H,0 
G.  =  5  425    I  46  25     12  32     2  36      112      lU  52     6  71      222     161      3  80     6-73      6  81 

[=  M  95 

The  so-called  yellow  yttrotautalite  of  Yilerby  and  K&rarfvet  belongs  to  ferguaonite. 

Obs.— Occurs  iu  Swedeu  at  Ytterby,  near  Vaxholm,  In  red  feldspar;  at  Finbo  and 
Broddbo,  near  Falun. 


SABSARSSmi. 
927. 


Orthorhombic.  Axes  &:l:6  =  0*5456  :  1 : 0*5178.  Crys- 
tals rectangular  prisms  (a,  b),  with  e  (101)  prominent 
Angles,  mm"'  =  57°  14';  ee'  =  87°.  Faces  rough.  Com- 
monly massive,  and  in  flattened  embedded  grains. 

Oieaviige:  b  imperfect.  Fracture  conchoidal.  Brittle, 
n.  =  5-6.  0.  =  5'6-5-8.  Luster  vitreous  to  resinous, 
splendent.  Color  velvet-black.  Streak  dark  reddish  brown. 
Nearly  opaqne. 

11  iTi  n 

Comp.— R,R,(Nb,Ta),0„  according  to  Eg.,  with  B  =  Fe, 

Ca,  UO,.  etc.. ;   R  =  cerium   and  yttrium   metals  chiefly. 

Analyses  by  Rammelsberg: 


o. 
N.  Carolina  5*839 
Miask  5-673 


Ta,Oj    Nh,05SD0,.W0, 
14-36    4107     016 

I  - 


UO,     Ch,0,*  y,o, 
10-90    237    6-10 
55-84     0  22       11*94    4  38    8*80 


Er,0,      FeO       TK). 
10-80    14*61    0*56^  =  100-91 
3  82    14-80    1-06  ss   99^ 


•  Ind.  Di,Os.La,Oa. 


•>  Ind.  SiOt. 
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Pyr.,  ato. — In  tbs  doted  tube  decreplIaleB.  glows,  cncks  op«D,  and  tumi  bl&ck.  B.B. 
fuMa  OD  the  edKCS  U>  &  black  gluM.  With  Bait  of  pboephorus  la  botli  flames  an  emerald- 
gT«ei)  bead.  Witb  soda  yields  a  manganese  reaclion.  Decomposed  on  fuston  with 
poUMium  bUulpbaCe,  yielding  a  jelluw  iiiaas  nhicli  on  treatnieut  with  dilute  hydrochloric 
■cid  teparalea  while  lanlallc  acid,  and  on  boiling  with  metallic  ziuc  gives  a  fine  blue  color. 
In  powder  suHlclenily  decomposed  on  bolliog  with  concentrated  sulphuric  acid  to  give  tbe 
blue  reduction  teat  wbeu  the  acid  Uuid  la  treated  with  metallic  zinc  or  tin. 

Oba. — Occura  [ii  reddlab  browu  feldspar,  wllli  tescliynite  and  columbite  in  tbe  limen 
mouiitiiliia.  near  Miask.  In  the  Vulted  States,  rather  abuadaot  and  sometlmea  in  large 
niiiuee,  up  to  30  Iba.,  at  liie  mica  miues  id  Mllckell  Co.,  K.  Carolina,  Intimalelf  associated 
with  columbite;  sparingly  elsewhere. 

AnnarSdlte.  Essentially  a  pyro-niobale  at  uranium  and  yttrium.  Id  prismatic  crystals, 
ofii'D  resembling  columbite.  H.  =6.  G,  =  67.  Color  black.  From  the  pegmatite  vein 
at  Aunerfid.  near  Hose,  Norway. 

Hlelmlte.  A  ilanno-tautalate  (and  oiobate)  of  yttrium.  Iron,  manganese,  calcium. 
CryiTals  (oTthorhomblc)  iiaunlly  rougb;  massWe.  Q.  =  983.  Color  pure  black.  From 
tlie  E&rarfTet  mine,  Falun,  Sweden. 


Xtsobyiiite,  A  nlobate  and  tltauate  (Iborate)  o(  the  cerium  metala  chiefly,  also  In  amali 
nmount  Iron,  calcium,  etc.  Cryalata  priamalic,  ortliorhomblc  Fracture  small  coucholdaL 
Brittle.  H.  =S-S.  Q.  =  4  03  HltterO;  5168  HIask.  Luster  submetallic  to  resinous, 
nearly  dull.  Color  nearly  black,  iucliiilug  to  brownish  yellow  when  translucenL  Analysii 
by  BaiumeUberg 

NbtO.  TiO,    TbO,    Ce,0,.r.a,(DI,)0,  T,0,,{Er,0,)      FeO    CaO 
a.  =  5188    S2  01    2130    17-55  19-41  S-IO  8  84    3-50  =  9081 

From  Hiask  la  (be  Ilmeu  His..  In  feldspar  with  mica  and  slrcon;  also  with  euclase 
In  tbe  gold  sands  of  tbe  Orenburg  District,  Southern  Ural.  From  HltlerO,  Norway.  Named 
from  aiaivv^,  Aanu,  by  BerzeTlus.  in  allusion  to  ibe  kablUty  of  chemical  science,  al  the 
lime  of  Its  discovery,  to  separate  some  of  Its  conatitiienta. 

Polymignita.  A  ntobate  atid  tltauate  (zlrconale)  of  the  cerium  metals,  iron,  caldum. 
Crystals  slender  prisms,  vertically  striated.  O.  =  4'7T-4'83.  Color  black.  Occurs  at 
Frederiksvftm,  Norway. 

Enxenit*.  A  niohnte  and  tllanate  of  yttrium,  erbium,  cerium  and  uranium.  Crystals 
rare;  commonly  massive.  H.  =  65.  G.  =  4  7-4S-0.  Color  brownish  black.  Analysis  by 
Rammelsberg. 

T,0,      Er,0,     Ce,0.      UO,      PeO     H.O 

27-48        S-40         3-17        478       188       3  63  =  99  09 

r  Tvedestrand;  ut  Alve,  etc.,  near  Arendal. 

-      ,  .     __..  te  of  yttrium,  erbium,  ce  ium,  umnlum,  938. 

like  eusenlte.  Crystals  tlilii  priamalic,  ortliorliombic.  Fmcluve  Ciinchitidal. 
H.  =5-6,  G.  =4  97-5-04,  Luster  vilreous  to  resinous.  Color  black. 
Iirowuish  In  iplinler^.  Analyses:  1,  Mackintosh;  3,  Hidden  and  Rnmmds- 
berg. 
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Occurs  at  Jolster  In  Norway; 
Polyor 


Anlobatu  and  tita 


HiiU'rO 
Henderson  Co., 


,    TtO,     T,0 


19  48     —    39  31  27-55' 


Fr,0,  0,0,    ITO,      KeO 
753    2-61     7-70  2-72 

[=98  84 


13-77   387   511 
[=081« 
•At.irght.llS,  tuo,. 

From  HltlerO,  Norway.  In  gmniie  with  gndolinite;  nt  SlBllAkra,  SmSland. 
Sweden.  In  tbe  V.  Stales,  in  N.  Cnri.lina.  In  ilie  gold -wash  in  pa  on  Davis 
lind,  Henderson  Co.  with  lirmn.  monazitc.  xenoiime,  magneiile;  nlso  in 
8.  Carolina,  four  mllCH  from  Marietta  in  Greenville  Co.  Named  from 
*oA.vt,  mann,  and  Kpdan,  mioHure. 
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Oxygen  Salts. 


4.  PHOSPHATES,  ABSENATBS,  TANASATES, 
ANTIMOITATBS. 

A.  Anhydrous  Phosphates,  Arsenates,  VanacUtes,  Anltmonates. 

Iformal  phosphoric  acid  is  II,PO„  aud  conaeqaently  normal  phosphates 

have  the  formulas  R,PO„  K,(PO,),  and  KFO,,  and  Bimilarly  for  the  aree- 
Datea,  etc.  Only  a  comparatively  suiuU  uumber  of  species  conform  to  this 
simple  formnla.  Most  spt'cies  cuutain  more  than  one  metallic  element,  and  in 
the  prominent  Apatite  Group  the  radical  (OaF),  (CaCI)  or  (PbCl)  enters; 

in  the  Wagnerite  Group  we  have  similarly  (RF)  or  (ROU). 


XBHOnMB. 

Tetragonal,     Axis  i 
»30b 


^^ 


187,  zz'  (111  A  III)  =55''30',  «j"  (111  A  Hi) 
=  S'i"  22'.  In  crystals  resembling  zircon  in  habit; 
sometimes  coniponmled  with  zircon  m  parallel  position 
(Fi^.  314.  p.  131).     In  rollrd  jrraiiiH. 

Cleavairc:  m  perfect.  Fracture  uneven  and  splint- 
ery. Britlle.  II.  =  4-5.  G.  =  4  45-1  56.  Luster 
resinous  to  vitreous.  Color  yellowish  brown,  reddish 
brown,  buir-browTi,  flesh-red,  frrayish  white,  wine-yellow, 
pale  yellotv:  Etrc:ik  pale  brown,  yellowish  or  reddish. 
Opariue.     Opticallv  -1-, 

Comp — Es-!i>ntia11v   vttrinm    phosphate,   TPO,   or 

Y,0,.P,(>.  =  Phosphorus  pentoxide    3fl-6.  yttria    614 

=  100.    The  yttrium  metals  may  include   erbium  in 

Inrze  amount;  cerium  issometimes  present;  also  silicon 

in  monnitito. 

wilh  <iii1pliiiric  ncid  colon  the  flimf 
run.     IniHiliilili^  in  ncldii. 
but  distill giiitbed  l)j  Inferior  litiitlnrst 


and  thoHui 

Pyr..   etc.— IIB.  Infii'iiM.v 
bluiali  ■.■n-.-ii      ItUllLiililv  «>liih't 

Dig -H,  .«.m|,|..«  T'^n  |„  i 
ftDil  jMTfi  c'  I'ri^miilir  cIpnvKfre 

Obii. — Oi'dir"  n»  iin  ii-TP»>«>ry  minprnl  in  trmnilc  vpiiis:  Mime'lmes  in  minute  emhpildul 
ervBiiil"  Lfiieri'ly  dislrihntiii  iii  LTniitio  mirl  c'li-)''")'!  rorks.  FViunrt  at  Hiiiem;  ai  Mnw. 
K'mil'Til.  anil  fri.m  iH'cm^lile  vein'  nt  other  imii'tii  In  Nnrwsv:  !it  Ttterliy.  Sweden:  liie 
tiliin  Bfie.  S.W.  frnni  Si,  <i"ihi»ril  srd  tin-  Binuentlial.  SwilzVrland.  An'acccsniy  ™n- 
ilfiiteni  ill  ihi'  mn!icnvtte-snii)fre<  of  Bnizil. 

In  tlie  I'niicd  Simes.  in  ilie  e..|d  wa«li(rir«  of  Cliirk*vill«.  G.'or^a:  In  N.  Caroltn*, 
Burke  Co.  Il.n.feraon  Co  .  MitHiHIC".:  in  brilUai.l  crvMsl^  Ir  AlexiiMter  Oo.  with  nlflc. 
4.tci  witb  ijaouitc  near  Pike's  Peak,  Colorado;  rare  on  Kew  Tork  Island. 


vru-n  moi>iene.l 

ill  <UltE  of  plKKpllO 

i  ictmgounl  form. 


PH08PHATKB,  ARSBNATS9>  ETC. 


:  1 :  0-9256;  >3  =  76°  20'. 


MoDoclinic.     Axes  hit ;  6  =  0' 

Mm",  110  A  lIO  =  86*  B4'. 

ow,      100  A  101  =  80*  lii'. 

<^x,       iOO  A  iOl  =  68*  81'. 

««',       on  A  Oil  =88' 56'. 

fT*,       Xll  Alii  =  60*«'. 

•tf.  ill  A  ill  =  78"  IV. 
Crystals  commonly 
■mall,  often  flattened  |  a  or 
elongated  |  axis  b;  Bome- 
times  prismatic  bv  eiten- 
Bion  of  V  (111)  (Fig.  324, 
p.  102);  also  large  and 
coarse.  lu  masses  yielding 
angular  fragments;  m  rolled 
grains. 

Cleavage:  c  sometimes  perfect  (parting?);  also,  a  distinct;  b  difficnlt; 
sometimes  showing  parting  |  c,  m.  Fracture  conchoidal  to  nneven,  Urittle. 
H.  =  6-5-5.  Q,  =  4'9-5'3;  mostly  5-0  to  S'S.  Lueter  inclining  to  resinona. 
Color  hyacinth-red,  clove-brown,  reddish  oryellowish  brown.  Sub  transparent 
to  sabtranslncent.  Optically  +,  Ax.  pi  X  6  and  nearly  J  a.  Bx,  f\i  = 
+  1°  to  4".  Dispersion  p  <  v  weak;  horizontal  weak.  2Er  =  29°  to  31°. 
CoBip. — Phosphate  of  the  cerium  metals,  essentially  (Ce,La,Di)PO,. 
Host  SDn^TieB  show  ibe  presence  of  ThOi  And  SlOt,  usually,  but  not  always.  Id  the 
proper  BTnctunt  lo  form  thorium  silicate;  thiit  tliU  is  mechmilcallj  present  1e  not  cerlalii 
but  ponlble.     Typical  analyses:  t,  Ulomstraod;  3,  Peofleld. 

a      P.O.   Ce,0,  U,0,  Y,{Br),0.  SiO,    TbO, 
1.  Arendal  SIS    2755    2030    36-2«        383       166     9-57      X  3  34  =  100  60 

3.  Burke  Co.,  N.  C.    SIO    2938    8188    30  88  —         140     6  49    fgaOSO=   W-W 

X  =  Fe.0, 113,    CaO0  6»,    H,0  OM. 

^r.,  •to. — B.B.  tofuslMe,  tiirD<i  gray,  and  wben  mofsteiied  niib  sulphuric  acid  colors 
the  flame  bluish  green.  With  borax  gWes  a  bead  yellow  wblie  hot  sod  colorless  on 
cooling;  a  saturated  betid  becumes  enamei-wblte  on  flumiag.  Difficultly  soluble  in  liydrO' 
chloric  acid. 

Ob* Rather  nbuodnntly  ciistrthiiteil  an  an  nrcessory  constilueDI  of  gnelssoiii  rocks  In 

certain  regions,  Ibns  In  Norib  Cnrullua  and  Bnizit.  Otcura  near  Zlatoust  in  the  IIineD 
Hts,,  in  grantte.  In  Norway,  near  Arendnl.  and  nt  AnnerOd.  In  small  jellow  or  brown 
cryslals  IturnerUt)  in  Dauphin^  ntic)  Switzerlaud.  Found  also  In  the  gold  washings  of 
Aniioqiiia;  in  tbe  dinmoud  jrmTela  of  Brazil. 

In  the  ITniied  Slnle",  formerly  fminil  with  llie  Billlmanile  of  Norwich,  Conn.:  also  at 
Yrrklown,  N.  T.  In  larpe  cimise  cryslnls  nnd  masses  In  albilic  f-rBniie  with  microliie.  etc., 
at  Amelia  Court-Houiie.  VirglMJa.  In  Alexander  Co.,  N.  Carolina,  in  splendent  crysials; 
Id  Mlicbell,  Hadison,  Burhe.  and  McDowell  counties,  obtained  iu  large  quantities  id  rolled 
grains  by  washiDg  tlie  gravels. 

Monazile  Is  named  from  imvirllfiy,  lit  bt  tolitary.  in  allusion  lo  its  mre  occurrence. 

CrmloiiU  occurs  in  wine-yillow  prisms  and  grains  in  tbe  grsen  nnd  red  npallte  of 
Areudal,  Norway,  nnd  Is  discovered  on  putting  the  iipaiiie  iu  Uilule  nitric  ncid.  It  is 
probably  moDaziie. 

BanaUIU.  R,Ab,0.(R  =  Ca.Mc.Mn)  Isometric,  usually  mssMve.  Q  -  4  03.  Color 
briglit  vellow.  From  Ungban.  Bvcdeii.  J^rhimirmle  from  the  Sjb  mines.  8we<len,  con- 
tains also  aolimouy;  eolnr  yellowish  red.  Garyinitt,  associated  with  berzelilte,  is  related, 
'  IS  lead;  massive  (monoclinic)' 
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MonimoUie.  Ad  aDtimoDate  of  lead,  iroo,  and  sometimes  calcium;  In  part,  RsSb«Ot. 
Usually  iu  octahedrons;  massive,  incrusting.  G.  =  658.  Color  yellowish  or  brownish 
green.     From  the  Harstig  mine,  Pujsberg. 

Oarminite.  Perhaps  Pb* AstOc  lOFeAsOi.  In  clusters  of  fine  needles;  also  in  spheroi- 
dal forms.  O.  =  4  105.  Color  carmine  to  lile-red.  From  the  Luise  mine  at  Horhausen, 
Nassau. 

Puoherite.  Bismuth  vanadate,  BiyO«.  In  small  orthorhombic  crystals.  H.  =4. 
G.  =  6  249.     Color  reddish  brown.    From  the  Pucher  Mine,  Schneeberg,  Saxony. 


Triphylite  Group.     Orthorhombic. 

TriphyUte  Li(Fe,Mn)PO,  0*4348  :  1  :  0-5265 

LithiophiUte  Li(Mn,Fe)PO, 

HatrophiUte  NaMnPO, 

Orthophosphates  of  an  alkali  metal,  lithium  or  sodium,  with  iron  and  man- 
ganese. 

TRXPHYUTE-IilTHIOFHILmi. 

Orthorhombic.  Axes  d  :l  :  i  =^  0*4348  :  1  :  0*5265.  Crystals  rare,  usually 
coarse  and  faces  uneven.     Commonly  massive,  cleuvable  to  compact. 

Cleavage:  c  perfect;  h  nearly  perfect;  m  interrupted.  Fracture  uneven  to 
subconchoidal.  H.  =  4  5-5.  O.  =  3*42-3*56.  Luster  vitreous  to  resinous. 
Color  greenish  gray  to  bluish  in  triphylite;  also  pale  pink  to  yellow  and  clove- 
brown  in  lithiophilite.  Streak  uncolored  to  grayish  white.  Transparent  to 
translucent. 

Comp.,  Yar. — A  phosphate  of  iron,  manganese  and  lithium,  Li(Fe,Mn)PO^, 
varying  from  the  bluish-gray  triphylite  with  little  manganese  to  the  salmon- 
pink  or  clove-brown  lithiophilite  with  but  little  iron. 

Typical  Triphylite  is  LiFePO«  =  Phosphorus  pentoxide  450.  Iron  protoxide  45-6.  litliia 
9-5  =  100.  Typical  LWiiophUiie  is  LiMnPO*  =  Phosphorus  pentoxide  458,  manganese 
protoxide  451,  lithia  96  =  100.     Both  Fe  and  Mn  are  always  present. 

P3rr.,  etc.— Id  the  closed  tube  sometimes  decrepitates,  turns  to  a  dark  color,  and  gives 
off  traces  of  water.  B.B.  fuses  at  1*5.  coloring  the  flame  beautiful  lithiared  in  streaks, 
with  a  pale  bluish  green  on  the  exterior  of  the  cone  of  flame.  With  the  fluxes  reacts  for 
iron  and  manganese;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  in  hydro- 
chloric acid. 

,  Ohn.—TriphylUeh  often  associntpd  wi«h  snodurapne:  occurs  a*  Hnbcnstefn.  near  Zwic 
sel.  in  Bavana;  Keity«  Finland:  Norwich  Mas**.:  Peru.  Me  :  Gmfton.  N.  H.  Named 
^rom^^P}^.  threefold,  and  <pv\v,fnmily.  in  allusion  to  its  containine  tlirfe  phosphates. 

LiHiuyphiliU  occurs  at  Branrhville.  Fairfield  Co..  Conn.,  in  a  vein  of  alhitic  granite,  with 
0a  J wW^'lid"*"^'"'"^^  phosphates,  etc. ;  also  at  Norway.  Me.    Named  f rom  WAit*m  and 

TT  ?*i'??'^"A^'     ?^^^"^n^V     ?®''''    triphylite    in    form.     Chiefly    mawive.    cleavaWe. 
field"co  ,~Conn    ^  *^^  wine-yellow.     Occurs  sparingly  at  Branchville.  Riir- 

Beryllonlte.  A  phr^phate  of  sodium  and  beryllium,  NaBePO*.  Cryrtals  short  prii- 
matic  to  tabular,  orthorhombic.  H.  =  5-5-6.  G.  =  2845  Luster  ▼itreoua-  mTri^^ 
Colorless  to  white  or  pale  yellowish.    Prom  Stoneham,  Maine  '  ^^^' 
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General  formnla 
Apatite 

Pyromorphite 

Mimetite 

Yanadinite 


Apatite  Group. 

R.(F,C1)[(P,A8,V)0J,  =  (E(F,C1))B,[(P,A8,V)0.],; 


(CaF)Ca.(PO,). 
or  (CaCl)Ca,(PO.). 
(PbCl)Pb.(PO.) . 
(PbCl)Pb,(A80,), 
(PbOl)Pb.(VO,). 


Fluor-apatite 
Chlor-apatite 


d  =  0-7346 

0-7362 
0-7224 
0-7122 


lu  addition  to  the  above  species,  there  are  also  certain  iutermediate  compoands  coDtain- 
iug  lead  and  calciam;  others  with  phosphorus  aud  arsenic,  or  arsenic  and  yanadium,  us 
noted  beyond.  Further  the  rare  calcium  arsenate,  Svabite,  also  seems  to  belong  in  this 
group. 

The  species  of  the  Apatite  Group  crystallize  in  the  hexagonal  system^ 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching-figures,  that  they 
belong  to  the  pyramidal  group  (p.  71).  They  are  chemically  phosi)hate8, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaP  (or  CaCl),  etc.,  in  general  RF  (or  RCl),  replacing  one  hydrogen  atom  in 

I  n        n 

the  acid  R,(PO J„  so  that  the  general  formula  is  (RF)R^(POJ„  and  similarly 
for  the  arsenates.  This  is  a  more  correct  way  of  viewing  the  composition  than 
the  other  method  sometimes  adopted,  viz.,  3R,(P0«),.RF„  etc. 


APATITB. 

Hexagonal-pyramidal.    Axis  i  =  0*7346. 

933.  934.  936. 


936. 


jh 


m 


n  I   m 


I    m 


cr,  0001  A  10i3  =  22*  S^. 
rr,  0001  A  1011  =  40'  18'. 
<y.  0001  A  205l  =  59*  29'. 
rr\   10i2  A  0112  =  22'*  31'. 


«r',  lOil  A  Olil  =  87'  44J'. 
if',  1121  A  1211  =  48"  SC. 
m/i,  1010  A  2131  =  80**  2^. 
fiw,  1010  A  1121  =  44*  17'. 


937. 


Crystals  varying  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
globular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
massive,  structure  granular  to  compact. 

Cleavage:  c  imperfect;  m  more  so.  Fracture  conchoidal  and  uneven. 
Brittle.  H.  =  5,  sometimes  4-5  when  massive.  G.  =  3-17-3-23  ervst.  Luster 
vitreous,  inclining  to  subresinous.  Streak  white.  Color  usually  sea-green, 
bluish  green;  often  violet-blue;  sometimes  white;  occasionally  yellow,  gray, 
red,  flesh-red  and  brown.  Transparent  to  opaque.  Optically  — .  Birefrin- 
gence low.     oOj  =  1*6461,  €j  =  1-6417. 


'^ 
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Var.— 1.  Ordinary.  Crystallized,  or  cleavable  and  granular  maaslTe.  Colorless  to 
gKcn,  blue,  yellow,  Uesh-red.  (a)  The  aaparagui-iione,  oriffinally  from  Murcia.  Spaiu,  is 
yellowish  greeu.  MoroxiU,  from  Arendal,  is  in  greenish  blue  iind  bluish  crystals.  (6) 
La$urap(iUU  is  a  sky-blue  variety  with  lapis-lazuU  in  Siberia,  (e)  FraneoUU,  from  Wheal 
i«'raiico,  near  Tavistock,  Devonshire,  occurs  iu  small  crystalline  stalactitic  mosses  and  in 
minuie  curving  crystals. 

Onlinury  apatite  \^  fluor-apatiUe,  containing  fluorine  often  with  only  a  trace  of  chlorine, 
up  to  0  5  p.  c;  rarely  chlorine  preponderates,  and  sometimes  fluorine  is  entirely  absent 

2.  Manganapatite  contains  manganese  replacing  calcium  to  10'5  p.  c.  MnO;  color  dark 
bluish  greeu. 

3.  Fibrous,  concretionary,  italactitic,  PhoipTiorite  includes  the  fibrous  concretionaiy 
and  imrtly  scaly  ininernl  from  Estremadura,  Spain,  and  elsewhere.  BupyrehroiU,  from 
Crown  Point,  N.  Y.,  belongs  here;  it  is  concentric  in  structure.  Staffeliie  occurs  incnist- 
in^  the  phosphorite  of  Stallel  in  botryoidal,  reniform,  or  stalactitic  masses,  fibrous  and 
radiating.     See  p.  499. 

4.  Earthy  apatite;  Ostsolitc.  Mostly  altered  apatite ;  coprolites  are  impure  calcium 
phosphiite. 

Comp.— For  Fluor-apaiiie  (CaF)Ca,(PO.), ;  and  for  Chlar-apatiU 
(CaCl)  Ca,(PO,),;  also  written  3Ca,P,0,  +  CaF  and  3Ca,P,0,  +  CaCl,. 
There  are  also  intermediate  compounds  containing  both  fluorine  and  chlorine. 
The  percentage  composition  for  these  normal  varieties  is  as  follows: 

Fluorapatite    P.O.  423    CaO  55  5    F  3*8  =  101-6    or  Ca,P,0.  93-26    CaP,    7-75  =  100 
Chlor-apatite     P.O.  41  0    CuO  53  8    CI  6  8=  101  6    or  Ca,P,0,  89  4      CaCl,   10  6  =  100 

Fluor-apatite  is  much  more  common  than  the  other  variety;  here  belones  the  apatite  of 
the  Alps,  Spain,  St.  Lawrence  Co.,  N.  Y.,  Canada.  Apatites  in  which  chlorine  is  prom- 
inent are  rare;  this  is  true  of  some  Norwegian  kinds. 

Pyr.,  etc.— B.B.  in  the  forceps  fuses  with  difliculty  on  the  edges  (F.  =  4-5-6),  coloring 
\he  flame  reddish  3'e11ow;  moistened  with  sulphuric  acid  and  heated  colors  the  flame 
pale  bluish  green  (phosphoric  ucid);  some  varieties  reac  t  for  chlorine  with  salt  of  phos- 
iphorus,  when  the  bead  has  been  previously  saturated  with  copper  oxide,  while  others  give 
fluorine  when  fused  with  this  salt  iu  an  open  glass  tube.  Gives  a  phosphide  with  the 
sodium  test.  Dissolves  in  hydrochloric  and  nitric  acids,  yielding  with  sulphuric  acid  a 
copious  precipitate  of  calcium  sulphate:  the  dilute  nitric  acid  solution  gives  with  lead 
acetate  a  white  precipitate,  which  B.B.  on  charcoal  fuses,  giving  a  globule  with  crystalline 
facets  on  cooling.     Some  varieties  of  apatite  phosphoresc^e  on  heating. 

Diflf.— Characterized  by  the  common  htxagounl  form,  hut  softer  than  beryl,  being 
scratclitnl  bv  a  knife;  does  not  efTervcsce  iu  arid  (like  calcite);  difficultly  fusible;  yields  s 
green  flame  B  B.  after  boinc:  moistened  with  snlpburic  acid. 

Rec«)ffuized  in  thin  sections  by  its  moderately  high  relief:  extremely  low  birefringence 
(hence  not  often  showing  a  distinct  axial  figure  in  basal  sections),  the  interference  colors 
in  ordinary  sections  scarrely  rising  al)ove  gray  of  the  first  order;  parallel  extinction  and 
ne.ffalive extension ;  columnar  form:  lack  of  color  and  cleavage;  and  by  the  rude  cross  parting 
seen  as  occasional  cracks  crossing  the  prism. 

Obs— Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  oommon  in  meta- 
morphic  crystalline  rocks,  especiallv  in  irianular  limestone  and  in  many  metalliferous 
veins,  parlicnlarlv  those  of  tin.  in  jrnei^s,  svenite,  hornblendic  gneiss,  mica  schist,  beds  of 
iron  ore;  occasiouMllv  in  serpentine  In  the  form  of  minute  microscopic  crvstals  it  hnsaa 
almost  universal  distribution  as  a  rock-forminer  mineral.  It  is  found  in  all  kinds  of  igneous 
rocks  and  is  one  of  the  earliest  products  of  crvstallization.  In  larger  crystals  it  18  especiidlj 
characteristic  of  the  peirmatite  fncies  of  iLnieous  rocks,  particularly  the  granites,  and  occurs 
♦here  associated  with  quartz,  fehlspar.  tourmaline,  muscovite.  beryl,  etc.  It  is  sometimes 
present  in  ordinar\'  stratified  limestone,  beds  of  sandstone  or  shale  of  the  Silurian.  Carbon- 
if.-rous.  Jurassic.  Cretaceous,  or  Tertiary.     It  has  been  observed  as  the  petrifying  material 

Amnnff  its  localities  arc  Ehrcnfriedersdorf  in  Saxony;  Schwarzenstein.  the  Knappen- 
wan.l  in  ITnter«nl7bachthal  In  the  Tyrol ;  St.  Gothard,  Tavetsch,  eta,  in  Bwitserland; 
Musca-Alp  in  Piedmont,  white  or  colorless;  Zinnwald  and  Schlackenwald  in  B(»bemia;  in 
Eneland  in  Cornwall,  with  tin  ores:  in  Cumberland,  at  Carrock  Fells:  in  Devonshire, 
cream-colored  at  Bovev  Trncev.  and  at  Wheal  Franco  (franeolite).  The  aiparagu$-^ton$  at 
tpargeUtein  of  Jumilla,  in  Murcia,  Spain,  is  pale  yellowish  green  in  color.    La^  quanti- 
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ttea  or  ap&tiu  ue  mfned  la  Norway  at  Kmgcra;  also  at  Od«gaard,  near  Bamle,  aod 
eltewbere. 

In  Maine,  on  Long  Itland.  Blue-hill  Bay.  !□  y.  Hamp.,  Westinorelatid.  In  Mat*.,  at 
Norwlcb:  al  Boltou  abuaduul.  Iq  Conn.,  at  Bmachville  {manganapalile),  nltiu  greeaiaU 
wbllfl  and  colorleM.  Id  Nea  Turk,  comiuon  iu  6t,  Iiawreuce  Cu.,  iu  grauuUr  liuieslone; 
also  jL'Senon  Co.;  Siuiiirord  miQe,  IShei  Hunab,  Eesex  Co..  ia  inHgiielitc;  Dear  EdsDville, 
Oraugu  Co.  Id  P»nn.,  ai  LeipcTTille,  Delawari;  Co.;  iu  Cbesler  Co.  Iq  N.  Carciina,  at 
Stony  PoiDt,  Aiuxauder  Co..  etc. 

Ill  exten«lve  bed*  iu  tlie  Lauremiau  gneisB  of  Cimada.  UHDally  associated  with  limestone, 
aud  ikccoDipiiJiied  Ity  pyroxene,  ampUibole,  litiiQite.  zircon,  garuel,  vt»uvlau<le  aud  many 
otber  ipecii-s.  PromitieDt  miiitB  ara  Id  Ollatva  CouDty,  Quebec,  Iu  [Le  towugbL[>B  of  Buck- 
iDgb'im.  Tumplelou,  Purtlund,  Hull,  aud  Wakefield,  Also  iu  ItcDfrew  cuuuty,  ODtario, 
aud  111  Lanirk.  Leeds,  and  Froulennc  couutles. 

Apaliie  was  uamed  by  Werner  from  ditaiaeiy,  to  dMMM,  older  miueralogists  haviug 
referretl  It  10  aqujiin urine,  clirysolila,  ametbyat,  Uuor,  acborl.  etc. 

Besides  tbe  definite  nUiural  phoipliale*.  lucludiug  normnl  apatite,  phospliorite,  elc, 
time  are  also  exlenslTe  depoalls  of  amorpbous  pboapbutea,  coDsialliig  iHrgtly  uf  "bene 
phosphate  "  (CoiPiO.),  of  great  ecoaoinic  Importnoce,  though  not  hiiving  a  debulle  cbemf- 
cal  compoaitlnn  aud  heuce  not  strictly  bel'iiigiug  lo  pure  mlueralugy.  Here  belong  tbe 
pbospballc  nodules,  coprolites.  bone  beds,  giinno.  etc.  Eilensive  pliusphallc  detiosits  also 
occur  Id  North  Carolina,  Alabama  aud  Florida.  Guauo  is  bone  pbuspbate  uf  lime,  nitied 
with  thi)  hydrous  phosphates,  and  geaerally  with  some  ciilcium  curbouute,  aud  often  a 
little  magaeala,  alumina,  iron.  silicH,  gypsum  and  other  impurltlts. 

STATrBUTB.     A  carbonated  calcium  pbospliate.     Occurs  iiicrustlng  the  phosphorite  of 

Staflel,   In  botryotdal  or  sUlaclilic  tnosaes.  Hbrous  and  nidlatliig:  it  la  the  result  of  the 

"        .      ^        ~  ...«     Color  ieelt  lo  dark  grecD,  gresnlsh 


PTROMORFHITII.    Green  Lead  Ore.    GrQableierf  Oerm. 

Hexagonal'  pyramidal.     Axis  i  =  0  7362. 

Crystals  priamafcic,  ofteu  in  rounded  barrel-shaped  fornis;  also  in  branch- 
ing groups  of  priHniiitic  crystals  in    iieady  parallel   position, 
tapering  down  to  a  slender  point      Often  globular,  reniform, 
and   botryoiditl   or  verruciform,  with    nsually   a  subcoluinnar 
Btructnre;  also  fibrons,  and  graiuilar. 

Cleavage:  tn,  ^(IUIl)  in  traces.  Fracture  subconchoidal> 
uneven.  Brittle.  H.  =  3-5-4.  G.  =  6  5-7-L  mostly,  when 
pure;  5  9— G-.*>,  when  containing  lime.  Lnater  resinons.  Color 
green,  yellow  and  brown,  of  different  shades;  sometimes  wax- 
jellow  and  fine  orange-yellow ;  also  giiiyisli  white  to  niili£- 
whi'e.  Streak  white,  sometimes  yellowish.  Sub  transparent  to 
Bnbtranslaceut.     Optically  — , 

Tar.— 1.  Ordinary,   (u) //t«r^t<ab  as  described  ;  somelinieByellownii<) 
Id  rounded  forms  reseinbliug  cauinylite  {pteuda  eampylile).    (A)  Iu  "Ciculnr 
anil  m9iw-'Cfc«  aggregBlions.     le)  VOnrrrtioni  ■  p  ^<<nipi  or  musses  of  crys- 
tals.   liHTiiig   ttie   Burfiice    augiibir.      (d)  Fibrom.      («)  Oranular  mutitTt.     (f)  Bnrthy ; 
Incruill'ig. 

Pwytplit 


palu  yellow  to  nearly  white;  strenk  while:  O.  —  S'89-fl'44.  Riirely  in  i<e|mmle  rrysliifs; 
usiinlly  1 1  groups,  Klobuliir.  mummtlbiry,  vevruclform.  Mti-Hle.  from  Mies  in  Bobeiuia.  is 
a  brown  variety.    /fii»$ierit«  is  similar  nnti  impuie,  from  Nussii^re,  uciir  Benuji-ii,  Pnince: 


color  yellow,  gieeuisli  orgmylsli;  G.  —  5042. 

oraiige.    4.  Ar*»iiif«rou%;  color  greeu  to  while;  O.  =  fi  5^6  6.    S.  Pitvdo-morplio'ii ;  (a) 

afU.T  giileun;  <fr]  cerussile. 

C•■^— (PbCl)Pb.(PO.),  or  also  written  3Pb,P,0..PbCl  =  Plmsphoros 
pentozide  18 '7,  lead  protoxide  62-2,  chlorine  3-6  =  100*5,  or  Lead  phosphate 
89-7,  lead  chloride  10  3  =  100. 
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The  phosphonis  Is  ofien  re;»*.aced  bj  ftnenic,  mod  as  the  amomi  tncfcam  the 
pasMt  into  mimttite.     Calciuin  aIjo  repbccs  the  lead  to  a  ooosdermble  extent. 

Pyr..  ate— In  iLe  cloied  iqIjc  fives  a  wLhe  subliiiiaie  of  lead  ckloride.  B.B.  io  the 
forcrpa  f:;jrs  easllj  F.  =  15*.  ooxnu;  the  flame  bluish  p«es;  on  chanoal  fmea  without 
ndic'Sjts  :o a  globule.  «bich oo  cooI'd^  aaRimca a crjst^lioe  polThedial  form,  while  the 
coal  Is  Oj^ed"w:.i:e  fn>m  chloride  and.  nearer  the  aamj.  jeIlow*fn>m  lead  oxide.  With 
ii>ja  GO  charcoal  jxelvis  mebLlIic  iead:  si>iiie  Tarkties  ooolain  anenic.  azad  give  The  €>dor  of 
gtLT'Ac  in  R.F.  oL  cLarcoaL  With  aal:  of  phosphofus.  preTioo^  msuratcd  whii  copper 
ox:»ie,  gives  an  azure-blue  co*or  to  the  flame  when  treated  in  O.^  (chlorise*.  Solable  in 
nitric  a«.id. 

DUL— Distiiigulihed  br  itj  hexagooal  form;  high  specxfle  gTaHtT;  lesixxxu  luster; 
blowpipe  cua7ac;era. 

Obs.— Prro!i<ors.*h:te  oceun  principal Ij  in  rema.  and  accompanies  other  ores  of  lead. 
At  Pc<i!laouen  and  Huelgoe;  in  Brit: any:  at  Zschop^a  and  other  places  ic  Saxony;  at 
Pfil/riu,  Blristadt.  in  Boticinia:  in  fine  crrsuls  at  Ems,  Braubarh.  in  Xaamu:  also  at 
Den: bach  in  Naamu:  Berezor  in  Silierim:  in  the  Xerchinak  mining  district:  CoravalL 
green  and  brovc:  Der^n,  gray:  Derby?ii:re,  green  and  yelkw;  Cumberland,  golden 
yell  w.  in  Ec^lar.^!:  LeadhUl^.  red  and  o-^ge.  in  Scc-tland. 

In  the  U.  ^..  has  be<A  foacd  rery  tzt  ai  Phenixrille.  Pa.;  also  in  Maine,  at  Lobec  and 
Lenox:  in  New  York,  a  mile  south  of  Sing  Sing;  in  DaTvimQ  Co..  X. C  alao  in  Cabanui 
and  Caldwei!  Cos. 

Named  from  xvp,  firt,  uou0^,  form,  alluding  to  the  cryAallinc  form  the  globule 
amumes  on  oxrling.     Tuis  species  pa  act  into 


Hex&gor.al-pyramidaL     Axis  6  =  0"7224. 

Habi:  ^^f  crystals  like  pTromorphit« ;  sometimes  roonded  to  ^obolmr  forms. 
Also  in  m:iU;n::ilarT  crusts. 

Cleavage:  z  ilijll)  imperfect.  Fracture  nneTeiu  Kittle.  H.  =  3'5. 
G.  =  T'i^T''25.  Luster  reemocs.  Color  pele  yellow,  pusing  into  brown; 
orange-yellow:  while  or  colorless.  Streak  white  or  nearlj  so.  Sabtrans- 
parent  to  translucent. 

Var. — 1.  Ordimary.  'a^  /a  crptUU,  a?ua!]y  in  roucdcd  anregales.  (5)  CktpiUmtg  or 
£laxr.er.t^*as.  especially  marked  in  a  Tarety  from  St.  Prix-«rafr%aTray.  Fnmoe.  snoiewhal 
like  a»l«ssu§.  and  s; raw- jellow  in  color,     tc    C0%ensi^%^rf. 


Ca'mppUu.  irom  Dry g- 11  in  Cuml«rla£d.  i^as  G.  =  T-^IS.  and  k  in  barrel-ahaped 
cryf'V.s  iwixeDce  tLe  came,  from  tc.^urvKy?,  c^^rtd .  yellowish  to  bfo«n  and  brownisli 
red:  cocta:r:s  3  p.  c  PiO*. 


C•■^— < Pin iPbjA^O,)..  also  whiten  3Pb.A5.0,.Pba  =  AraeDic  pent- 
oxi'ie  23-2.  lead  proioiide  T4-9,  chlorine  2-4  =  KX>5,  or  Lead  arsenate  901', 
lea.i  chloride  C^S  =  100. 

Phc-sr-borcs  replaces  :ne  arsenic  in  pan«  and  calcium  the  lead.  EndliekiU 
(t:.  5v'1  i  is  :n:enne«i:a:e  b-etween  mimeiite  and  Tanadinite. 

* 

Pjr..etc  — I::  :he  c'-M^i  *ube  li&e  pyr>morpLi:e.  B.B.  fuses  at  1.  and  on  charooal 
e-lT^ft  :  R  F.  1=  irseclcal  '•d:-.  sni  is  e-sy  reduced  to  metaHic  lead,  eoating  the  coal  at 
f  •*•  ■»  : .  "rii  *:.'  Triie  %•  I  litter  wlih  a-senio  'roiide  acd  lead  oxSdc.  Gitcs  the  chlrrine 
rer*.*:*.'   l  i-   .r.  ier  'jr:r.-  ttIi::*.     SV-blt-  :s  riTx*  acid. 

Ob«.— «*-x.-s  :'rr&T  Re  ir::h  \n  :  ef^rwlere  :=  Comwal*;  Beer  Abtoo.  DeTooshire; 
zz  C:-r.  -.ri-  :  re^z  P  r-ri^A-i.  P  .y-de-IV-aie:  at  Jolucuceorfecstadt.  in  line  yellow 
.-•^i  ji.  <•  y-^-ci  :*'*.  Siberia,  s:  Zc-wili:  Li^  cbaa.  Sweden;  at  the  Brookdale*  mine. 
Pif-   ir:  :e.  Pv 

N.nrd  fr:-:::  .-:--r"'?.  V-xiVj:  -r.  i:  c\>5e*y  neseirbMsr  pyromorphlie. 


VANADINITE 

Hriar"r.i'-ryrsn::ia!.     Ax:<  *  =  '>  7122. 

Crvsta's  rr:?n:a::v\  w::::  5n:vv:h  f^iv^es  ard  sharp  edges:  sometimea  cmTem* 
0125.  :be  c^rystals  r.i>'low  prlsn.s;  also  :::  ronrded  forms  and  in  panllel  group* 
ings  like  pyron:c-rphi:e.     Ir.  in:p".a:'.:ed  globules  or  incmstationa. 


FH08FHATK8,  ABSKNATESj  BTO. 


ntctoTO  aneren,  or  flat  conchoidaL    Brittle.    H.  =  2-7fr-3.    G.  =  6'66- 
Liut«r  of  Barface  of  fracture  retinoas.     Color  deep  mby-red,  light 


^^ 


\isJJ 


lish  yellow,  straw-yellow,  reddish  brown.     Streak  white  or  yellowish. 

'anslucent  to  opaque. 

«p.— (PbCl)Pb.(VO.)„  also  written  3Pb,V,0,.PbCl,  =  Vanadium  pent- 

19-4,  lead  protoxide  78-7,  chlorine  2-5  =  100-6,  or  Lead  vanadate  90-2, 
shloride  9-8  =  100. 

aosphoruB  is  apariugly  present,  also  Bomettmes  arsenic,  both  replacing 
linm.  In  endlichite  the  ratio  of  V  :  As  =  1 :  1  nearly. 
r.,  ato. — Id  tlie  closed  tube  decrepilitee  aodytelda  x  faint  nhtte  rabltmate.  B.B. 
tvAXj,  and  on  cliarcnnl  lo  a  black  Iiutroiu  mwa,  which  {□  R.F,  yieldi  metulllc  lead 
oootlog  of  lent)  c'lloride;  after  completely  oxidizing  the  lead  In  O.F.  the  black 
SglT0«  wUh«  '■     '    '        ■  "  ^-   '  ■-■^  -^    -<-•-'   ^  "  ■  - 

In  O.F.     ( 
:h1oric  acid. 

■. — Flnt  ditcoTered  at  Zimnpao  In  Hexfcn.  Later  obtained  at  Waolockhead  In 
ieMhlre;  also  at  Berezov  In  Ibe  Unl.  with  pyromorphite;  and  near  Eippel  lu 
Ilia,  ill  ci7*taU-,  at  UndeDaa.  BOlet,  Sweden.    lu  the  Sierra  de  C6rdoba,  Argeotliie 

U  Butes. 

>u  Mi'l  New  1  _  .__ 

Dea  In  Yuma  Co.,  In  brlUlpiut  deep  red  cryitnls;  Vulnire.  Phcenlx,  el 
■w  Mnmmotli  ^old  mine,  near  Oracle.  Pinal  Co.     In  New  Mexico,  at  l^Nke  valley, 
Co.  (cmUi'cAite);  and  the  Hlinbres  mines  near  Oeorgetowti. 

DTPaAHB.  Prom  L&ngbau,  Sweden;  hns  ordinarily  been  Included  aa  a  nalciiim 
of  mlmetfte,  but  la  now  made  moDoclinic.    Hasaire.  cleavable.    Color  yellow  iih 


Wagnerfte  Group,     Monoclinic 


.Mitt  (MgF)MgPO, 

te  (EF)RPO.,   H  =  Fe  :  Mn  =  2  ; 

ddite  (ROH)RPO.,   R  =  Mn  :  Fe  =  3 

te  (MgOH)CaA80, 

te  (MgF)GaABO. 

lite  (MnOH)MnABO, 


a:i:6  0 

1-9145  :  1  :  1-5059;  71°  53' 


1-8573  :1  :  1-4925;  71°  46' 
2-1978:1  :  1-5642;  73"  15' 


2-0017:  1  : 1-5154;  62°  IH' 


502  DESCRIPTIVE  MINERALOGY. 

Phosphates  (and  arsenates)  of  mairnesiani  (calcium),  iron  and  manganese 
containing  fluorine  (also  hydroxjl).    Formula  K,FPO^  or  (EF)EPO^  etc. 

WAONBRITE. 

Mouoclinic.  Axes,  see  p.  501.  Crystals  sometimes  large  and  coarse.  Also 
massive. 

Cleavage:  a,  m  imperfect;  c  in  traces.  Fracture  uneven  and  splintery. 
Brittle.  H.  =  5-5-5.  G.  =  307-3-14.  Luster  vitreous.  Streak  white. 
Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red,  greenish. 
Translucent. 

Comp. — A  fluo-phosphate  of  magnesium,  (MgF)MgPO^  or  Mg,P,0,.MgF, 
=  Phosphorns  pentoxide  43*8,  magnesia  49*3,  fluorine  11'8  =  1049,  deduct 
(0  =  21)  4'9  =  100.     A  little  calcium  replaces  part  of  the  magnesium. 

Pyr.,  etc. — B.B.  iu  the  forceps  fuses  at  4  to  a  greeDish-gray  glass;  moisteDed  with 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  reacts  for  iroD.  On  fiisioD  with 
soda  effervesces,  but  is  not  completely  dissolved;  gives  a  faint  mauganese  reaction.  Fused 
with  salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and 
hydrochloric  acids.    With  sulphuric  acid  evolyes  fumes  of  hydrofluoric  acid. 

OhM.—  Wagnerite  (iu  small  highly  modified  crystals)  occurs  in  the  valley  of  HOllen- 
grabcn.  near  Werfen,  in  Salzburg,  Austria.  Kjt,rHlflne  (massiye,  cleavable;  also  in  coarse 
crystals)  is  from  KjOrrestad,  near  Bamle,  Norway. 

Spodiosite.  A  calcium  fluo-phosphate,  perhaps  (CaF)CaP04.  In  flattened  prismatli 
crystals.    G.  =  2*94.    Color  ash-gray.    From  the  Krangrufya,  Wermland,  Sweden. 

TRXPUTXJ. 

Monocliuic.  Massive,  imperfectly  crystalline.  Cleavage:  unequal  in  two 
directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Fracture 
small  conchoidal.  H.  =  4-5*5.  G.  =  3*44-3-8.  Luster  resinous,  inclining  to 
adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray  or 
brown.     Sub  translucent  to  opaque. 

Comp.,  Tar.— (RF)RPO  or  R,PjC),.RF,  with  R  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  Fe  :  Mn  =  1  :  1  to  2  :  1  (zwieselite);  1  :  2; 
1:  7. 

Talktriplite  is  a  variety  from  HorrsjOberg;  contains  magnesium  and  calcium  In  large 
amount. 

Pyr..  etc. — B.B.  fuses  easily  at  1*5  to  a  black  magnetic  elobule;  moistened  with 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  in  O.F.  gives  an  amethystine- 
colored  glass  (manganese);  in  R.F.  a  strong  reaction  for  iron.  With  soda  reacts  for 
mangnnese.    With  sulphuric  acid  evolves  hydrofluoric  acid.     Soluble  in  hydrochloric  acid. 

Obs.  — Found  by  Alluaud  at  Limoges  in  France;  Helsingfors,  Fiumud;  Btoneham, 
Maine;  Bninchville,  Conn.  ZicieseliU,  a  clove-brown  variety,  is  from  Rabenstein,  near 
Zwiesel  iu  Bavariu. 

GKiPiiiTii:.  A  problematical  phosphate  related  to  triplite  occurring  in  embedded  reni- 
form  masses.    From  the  Riverton  lode  near  Harney  City,  Pennington  Co.,  8.  Dakota. 

Triploidite.  Like  tnplite,  but  with  the  F  replaced  by  (OH).  Commonly  in  crys'alline 
aggrej;utes.  Fibrous  to  columnar.  H.  =  4 '5-5.  G.  =  3*697.  Color  yellowish  to  reddish 
brown.     From  Bninchville,  Fairfield  Co.,  Conn. 

Adelite.  (MgOHiCaAsO*.  Monoclinir.  Axes,  see  p.  501 :  also  massive.  H.  =  6.  Q.  = 
8  74.     Color  gray  or  grayish  yellow.     From  Nordmark  an<l  L&nglMm,  Sweden. 

Tilasite.     Like  adelite,  but  contains  fluorine.     From  L&ngban. 

Sarkinite.  (MnOHiMnAsO,.  In  monoclinic  crystals;  al^o  in  spherical  forms.  G.  = 
4  17.  Color  rose- red.  flesh-red,  reddish  yellow.  From  the  iron-mangnneee  mines  of  Pkija- 
berg,  Sweden.  Polyarunite  from  the  *S]0  mine,  Grythytte  parish,  Orebro,  Sweden,  it 
essentially  the  same. 
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H«rderito.  A  fluo-phospbate  of  beryllium  and  calcium,  (CaF)BePO«  witb  (CaOfi)BeP04. 
In  prismntic  crystals,  monoclinic  with  complex  twinuiDg.  H.  =  5.  G.  =  2*99-8*01. 
Luster  Titreous.  Color  yellowish  and  ereeuish  wbite.  From  the  tiu  mines  of  Ebren- 
friedersdorf,  Snxouy;  also  at  Stoueham,  Auburn  and  Hebron,  Maine. 

Hamllnite.  A  basic  phosphate  of  aluminium  and  strontium.  In  colorless  rbombobedral 
crystals.  H.  =  4'5.  G.  =  ii'16-d'28.  Occurs  with  herderite,  bertiandile.  etc.,  at  Stone- 
ham.  Maine. 

I>iirangit«.  A  fluo-arsenate  of  sodium  and  aluminium,  Na(AIF)As04.  Ib  monoclinic 
crystals.     G.  =  d'94-4  07.     Color  orange-red.     From  Durango,  Mexico. 

ABSBIiTGONmi.     Hebronite. 

Triclinic.  Crystals  large  and  coarse  (Fig.  20,  p.  10);  forms  rarely  distinct. 
Usually  cleavable  to  columnar  and  compact  massive.  Polysynthetic  twinning 
lamella)  commou. 

Cleavage:  c  perfect,  with  pearly  luster;  a  somewhat  less  so,  vitreous; 
e  (02l)  sometimes  equally  distinct ;  M  (lIO)  difficult;  ca  =  75**  30',  ce  =  74° 
40',  cM  =92''  20'.  Fracture  uneven  to  subconchoidal.  Brittle.  H  =  6. 
G.  =  301-3*09.  Luster  vitreous  to  greasy,  on  c  pearly.  Color  white  to  pale 
greenish,  bluish,  yellowish,  grayish  or  brownish  white.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp.  —  A  fluo-phosphate  of  aluminium  and  lithium,  Li(AlF)PO«  or 
AlPO^.LiF  =  Phosphorus  pentoxide  47*9,  alumina  34*4,  lithia  10  1,  fluorine 
12  9  =  105-3,  deduct  (0  =  2F)  5*3  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydroxyl  part  of  the  fluorine. 

Pyr.,  etc. — In  tlic  closed  tube  yields  water,  which  at  a  high  heat  is  acid  and  corrodes 
the  glass.  B.B.  fuscA  easily  (at  2)  with  intumescence,  and  becomes  opv(}ue  white  on  cr)Oiiug. 
Coloi^  the  flume  yellowish  red  with  traces  of  green;  the  Hebnm  variety  gives  an  intense 
lithia-red;  moistened  with  sulphuric  acid  gives  a  bluish  green  to  the  tlame.  With  borax 
niid  smU  of  phosphorus  forms  a  transparent  colorless  glass.  In  flue  powder  dissolves  easily 
in  sulphuric  acid,  more  slowly  in  hydrochlorie  acid. 

lyiS  —Distinguished  by  its  easy  fusibility  and  by  yielding  a  red  flame  B.B.,  from  feld- 
spiT.  barite.  calcite,  etc.:  also  by  the  acid  water  in  the  tube  from  spodnmere. 

Obs  — Occui-s  neiXT  Penig  in  Saxony:  Arendal.  Norway;  Moutebras,  Creuze,  France. 
In  the  U.  States,  in  Maine,  at  Hebron:  also  at  Paris,  Peru,  etc.;  Branchville,  Conn. 

The  name  amblygonite  is  from  djtt/SXii,  blunt,  and  yorv,  angle. 

B.   Basic  Phosphates. 

This  sertion  includes  a  series  of  well-characterized  basic  phosphates,  a 
number  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  repre- 
sented by  one  species  only,  the  little  known  monetite,  probably  HCaPO^, 
see  p.  507. 

Oliveiiite  Group.     Orthorhombic. 

Olivenite  Cu,(0H)A80,  0*9396  :  1  :  06726 

Libethenite  Cu,(OH)PO,  09601  :  1  :  07019 

Adamite  Zn,(OH)AsO,  09733  :  I  :  0-7158 

Descloizite  (Pb,Zn),(OH)VO, 

£:i:6  =  0*6368  :  1  :  0*8045  or  f  df :  8  :  (f  =  0*9552  :  1  :  0*8045 
Cuprodescloizite  (Pb,Zn,Cu),(OH)VO, 

The  Olivenitb  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
copper,  ainc,  and  lead,  with  the  general  formula  (B0H)KP0^,(E0H)KA80„ 
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etc.  They  crystallize  in  the  orthorhombic  system  with  similar  form.  It  is  to 
be  noted  that  this  group  corresponds  in  a  measure  to  the  monoclinic  Wagnerite 
Oroup^  p.  501^  which  also  includes  basic  members. 


OLIYBNITB. 

Orthorhombic.     Axes  &:i:i  =  09396  :  1 :  0*6726. 


942. 


mm'",  110  A  liO  =  86'  26', 
101  A  101  =  7r  Hi'. 


w , 


«»',  Oil  A  Oil  =  67'  51'. 
w,  101  A  Oil  =  47'  84'. 


Crystals  prismatic,  often  acicular.  Also  globular  and  reniform, 

indistinctly  fibrous,  libers  straight  and  divergent,  rarely  irregular; 

also  curved  lamellar  and  gi-aniuar. 

Cleavage:    ni,  b,  6(011)  in  traces.    Fracture  conchoidal  to 

uneven.    Brittle.    H.  =  3.    G.  =  4'l-4'4.    Luster  adamantine  to 

vitreous;  of  some  fibrous  varieties  pearly.  Color  various  shades  of 

olive-green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish 

green;  also  liver-  and  wood-brown;  sometimes  straw-yellow  and 

grayish  white.    Streak  olive-green  to  brown.    Subtransparent  to  opaque. 

Var. — (a)  CryBtaUiied.  (6)  Fibrous;  floely  aud  divergeoily  fibrous,  of  greeu.  yellow, 
brown  aud  gray,  to  white  colors,  with  the  surface  sometimes  velvety  or  acicular;  found 
iuvesting  the  common  variety  or  passing  into  it;  called  woodeopper  or  ioood artenaie.  (e) 
Earthy;  nodular  or  massive;  sometimes  soft  enough  to  soil  the  fingers. 

Comp. — Cu,A8,0,.Cu(0H),  or  4CuO.As,O^.H,0  =  Arsenic  pentozide  40*7, 
cupric  oxide  561,  water  32  =  100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  6.B  fuses  at  3.  coloring  the  flame  bluish 
ffrecn,  and  on  cooling  the  fused  mass  api^eurs  crystalline.  B.B.  on  cbarcoal  fuses  with 
deflagration,  gives  off  arsenical  fumes,  and  yields  a  metallic  arsenide  which  with  soda  yields 
a  giobule  of  copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Oba.— The  crystallized  varieties  occur  in  Cornwall,  at  various  mines:  Tavistock,  in 
Devonshire;  in  Tyrol;  the  Banal;  Nizhni  Tagilsk  in  the  Uml;  Chill.  In  the  U.  8..  in 
Utah,  at  the  American  Eagle  and  Mammoth  mines,  Tintic  district,  both  in  crystals  and 
wood-capper.    The  name  olTvenite  alludes  to  the  olive-green  color. 


lilBBTHENTTB. 

Orthorhombic.     Axes  a:l:i  =  09601  :  1  :  07019. 
mm!",  110  A  110  =  87'  40'.  «'",  111  a  ill  =  59'    4f . 

6(f,     Oil  A  Oil  =  70"  8'.        «/,  111  A  ill  =  er  ai\'. 

In  crystals  usually  small,  short  prismatic  in  habit;  often 
united  in  druses.     Also  globular  or  reniform  aud  compact. 

Cleavage:  n?,  5  very  indistinct.  Fracture  subconcnoidal 
to  uneven.  Brittle.  II.  =  4.  G.  =  3*6-3"8.  Luster  resinous. 
Color  olive-green,  p^enerally  dark.  Streak  olive-green.  Trans- 
lucent to  subtranslucent. 

Comp.  — Cu,P,O.Cu(OH),  or  4CuO.P.O.H,0.  =  Phosphoms  pentoxide 
29-8,  cupric  oxide  66  4,  water  S'S  =  100.  *^ 

Pyr.,  etc.— In  the  closed  tube  yields  wnter  and  turns  black.  B  B.  fuses  at  3  and  colors 
the  flame  emerjihU'reen.  On  chnicoal  with  soda  gives  metallic  copper,  sometimes  also  nn 
arsenical  odor.  Fused  with  mefHllic  lead  on  cliarcofll  Ir  reduced  to  metalHc  copDer  with 
the  formation  of  lead  phosphate,  which  treated  in  R.P.  gives  a  crv>«to11ine  nolvh^i^'hMd 
on  cooling.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  mW         P^*^*'*^'**  ^^^ 

Obi.— Occurs  with  clialcopyrite  at  Libethen,  near  Neusohl,  HnninirT-  at  Rlialnhtviltm. 
bach  and  Bhl  on  the  Rhine;  at  Nizhni  Tagilsk  in  the  Uml;  in  stMll  qJJJtfuL  lll^^^ 
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Adamite.  ZutA8«Ot.ZD(OH)9.  Id ^ mall  crvstals,  often  grouped  in  crusts  and  granular 
aggregations.  H.  =:  8'5.  G.  =  4-34-4*35.  Color  honey-yellow,  violet,  rose-red,  green, 
colorless.  From  Cliaikarcillo,  Chili;  Cup  Quronue,  France;  at  the  ancient  zinc  mines  of 
Laurion,  Greece. 

DMoloisito.  RtVtO».R(OH)«  or  4R0.V«0».H,0;  R  =  Pb,  Zn  chiefly,  and  usually  in 
the  ratio  1 : 1  approz.  In  small  crystals,  often  drusy;  also  massive,  fibrous  radiuted  with 
mammillary  sunace.  U.  =  8'5.  G.  =  5*9-6*2.  Color  cherry-red  and  brownish  red,  to 
light  or  dark  brown,  black.    Streak  orange  to  brownish  red  or  prellowibh  gray. 

From  the  Sierra  de  C6idoba,  Argentina;  Kappel  in  Cannthia.  Abundant  at  Lake 
Valley,  Sierra  Co.,  New  Mexico,  also  near  Georgetown:  in  Arizona  near  Tombstone;  iu 
Yavapai  Co.;  at  ilie  Mammoth  Gold  mine,  near  Oracle,  Pinal  Co. 

A  massive  variety,  containing  copper  (6*5  to  9  p.  c),  iu  crusts,  and  reniform  masses  with 
radiated  structure,  occurs  iu  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
2«acatcca8.  Mexico;  it  has  been  variously  named  tritoeharite,  cuproduelomte,  ramirite.  A 
similar  vsAietv  (11  p.  c.  CuO)  occurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  mine, 
Tombstone,  Cochise  Co.,  Arizona. 

EusTNCHiTB  may  be  identical  with  descloizite.  Massive:  in  nodular,  stalnctiiic  form?. 
G.  =  6*596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgrnnd  uenr  Frei- 
burg in  Baden.  The  same  may  be  true  of  arvBOxene  from  Dahn  near  Nieder-Schletteubach, 
Rhenish  Bavaria. 

Dechbnitb.  Composition  usually  accepted  as  PbVtO*.  Massive,  botryoidal,  nodular. 
G.  =  5'6->^'dl.  Color  deep  red  to  yellowish  red  and  brownish  red.  From  Nieder-Schlet- 
tenbach  in  the  Lauterthul,  Rhenish  Bavaria. 

Oaloiovolborthite.  Probably  (Cu,Ca)tV,0..(Cu,CaXOH),.  In  thin  green  tables;  also 
gray,  fine  crystalline  granular.     From  Friedrichsrode,  Thuringia. 

Braokebnsohite.  Near  descloizite  (monoclinic?).  From  the  State  of  Cordoba,  Ar- 
gentina. 

Patttaoinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Montana. 
In  thin  coatings;  also  pulverulent.     Color  siskin*  to  olive-green. 

MoTTRAXiTffi.  A  vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  velvety  black  incrustations.    From  Mottram  St.  Andrew's,  Cheshire,  England. 


OXJNOOZJiSITB.     Elinoklas.    Aphandse. 
Monoclinic.    Axes  A  :  S  :  cf  =  1-9069  :  1 :  3-8507;  fi  =  80^  30'. 

Crystals  prismatic  (m);  also  e1on;;ated  ||  %;  often  grouped  in  nearly  spherical 
forms.    Also  massive,  hemispherical  or  reniform;  structure  radiated  fibrous. 

Cleavage:  c  highly  perfect.  Brittle.  H.  =  2-5-3.  O.  =  419-4-37;  4-37 
Utah.  Luster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internally 
dark  verdigris-green;  externally  blackish  blue-green.  Streak  bluish  green. 
Snbtransparent  to  translucent. 

Comii,— Cu,As,0..3Cu(0H),  or  6CuO.As,0,.3H,0  =  Arsenic  pentoxide 
30*3,  cupric  oxide  62-6,  water  7*1  =  100. 

Pyr.,  etc.— Same  as  for  olivenite. 

Obs.  -Occurs  in  Cornwall,  with  other  ores  of  copper.  In  Utah.  Tintic  district,  at  tlie 
Mammoth  mine.  Named  in  allusion  to  the  basal  cleavnge  beinc;  oblique  to  the  sides  of  the 
prism. 

Brlnlta.  CutAstOn.dCu^OH))  In  mammillnted  crystalline  groups.  Color  fine  emer- 
ald green.    From  Cornwall;  also  the  Tintic  district.  Utah. 

Xlihydxito.  CutP«Ot.2Cu(OH)9  In  dnrk  emerald-green  crvstals  (monoclinic). 
H.  =  4*5-5.    G.  =  4-4-4.     From  Ehl  near  Linz  on  the  Rhine;  the  Unil   etc. 

Pseudonalachito.  In  part  CiuPaOR  8Cn(0H)«.  Mnssive.  rcsemblini^  malnchitc  in  color 
and  stnidnfe.    From  Rheinbreitenbach;  Nixhni  Tagilsk,  etc.     Ehlite  is  closely  allied. 

OlioiidnarMiiite.  Perhnps  MnsAff90».8Mn(OH)9.  In  small  embedded  grains.  Color 
yellow  to  midfsb  yellow.    From  the  Pajsberg  mines.  Sweden. 

XAMTHAlMnnTB  Near  chondrarsenite.  but  contains  more  water.  In  sulphur-yellow 
grains;  imntlveu    From  the  SjO  mine,  parish  of  Grythytte,  Sweden. 
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DUFRBNim.     EiAurite. 

Orthorhombic.  Crystals  rare,  small  and  indistinct.  Usnally  massive,  in 
nodules;  radiated  fibrous  with  drusj  surface* 

Cleavage :  a,  probably  also  b,  but  iudistinct.  H.  =  3*5-4.  O.  =1  3*2-3*4. 
Luster  silky,  weak.  Color  dull  leek-green,  olive-Kreen,  or  blackish  men; 
alters  on  ez))osure  to  yellow  and  brown.  Streak  siskin-green.  SubtransTucent 
to  nearly  opaque.     Strongly  pleocbroic. 

Comp.— Doubtful;  in  part  FePO,.Fe(OH),  =  2Fe,0,.P,0,.3H,0  =  Phos- 
phorus {>entozide  27'5,  iron  sesquiozide  62*0,  water  10*5  =  LOO. 

Pyr.,  etc. — Same  as  for  TiWauite,  but  less  water  Ia  giTcn  out  in  the  closed  tube.  B.B. 
fuset*  easily  to  a  slug. 

Obi.-  Occurs  near  Anglnr,  Dept.  of  Haute  Vienue.  and  at  Hlrschberg  In  Westpbalia; 
from  tbe  Koiblftufcben  mine  near  Waldeirmes;  St.  Bi  nigna,  Bobemia;  East  Comwali. 

In  tbe  United  Slates,  ut  AUeutown,  IS,  J.;  iu  Rockbridge  Co.,  Va..  in  radiated  coarftily 
fibrous  masses. 


]:«Azni«mi. 

Monoclinic:  Axes  A:h:i  =  09750  :  1  :  1-6483;  /3  =  89°  U'. 

at,     100  A  101  =  80'  34'.  ee\   111  A  Hi  =  W  SC. 

pj/.  111  A  111  =  79"  40'.  pe.    111  A  ill  =  82*  W. 

Crystals  usually  acute  pyramidal  in  habit.  Also  mass- 
ive, granular  to  compact. 

Cleavage:  prismatic,  indistinct.  Fracture  uneven. 
Brittle.  H.  =  5-6.  O.  =  3-057-3-122.  Luster  vitreous. 
Color  azure-blue;  commonly  a  fine  deep  blue  viewed  along 
one  axis,  and  a  pale  greenish  blue  along  another.  Streak 
white.     Sublruuslucent  to  opaque. 

Comp.— RA1,(0H),P,0,  or  2A1P0,  (Fe,Mg)(OH),  with 
Fe  :  Mg(Ca)  =  1  :  12, 1  :  6,  1  :  2,  2  :  3  (Rg.).  For  1  :  2  the 
formula  requires :  Phosphorus  pcntoxide  45'4,  alumina  32  6, 
iron  protoxide  7*7,  magnesia  8*5,  water  5'8  =  100. 

.,^  etc.— In  the  cIoHcd  tu)>e  wbiteus  and  yiulds  water.  B  B.  witb  cobalt  solution  tbe 
blue  color  of  the  mioerul  is  restored.  In  the  forceps  \«  hitens.  crucks  open,  swells  up,  and 
without  fusion  falls  to  pieces,  coloring  the  flnuie  bluUb  green.  Tbe  green  color  is  modi; 
more  intense  bv  moistening  the  nsuny  with  sulphuric  acid.     With  (be  fluxes  gives  au  iron 

f:iass;  with  soda  on  charcoal  nn  infusible  mass.    Unacted  upon  by  acids,  retaining  perfectly 
is  blue  color. 

Oba.— Occurs  near  Wet  fen  in  Salzburg:  Krieglach,  in  Styria;  also  HorrsjObeiv,  Swedeu. 
Abundant  with  corundum  at  Crowder's  Mt.,  Gaston  Co.,  N.  C;  and  on  GraTes  Mt.. 
Lincoln  Co  .  Gn..  with  cvunite.  rutile,  etc. 

Tiie  name  lazulite  is  derived  from  an  Arabic  word,  atul,  meaning  Ammvi^  and  alludes  to 
tbe  C(>l(»r  of  the  uiinetal. 

Tavistockite.     C:iiPiO3.2xV1(0H)«.     In  microscopic  acicular  crystals,  aomeiimes  stel- 
late groups.     Color  white.     From  Tavistock,  Devonshire. 

OirroUte.     Perliaps  CujAl  PC)*),.  AKOH),.     Compiict.     G.  =  3*08.    Color  pale  yellow. 
Occurs  at  liie  iron  mine  at  Westani,  in  Scania.  Sweden. 

Arseniosidsrite.     ('a5Ke(A'*0«>>.8Fe;OH)j.     In   yellowish  brown   fibrous  concretions. 
G.  =  3*520.     From  Rrmian(>che,  near  MScon.  France;  also  at  Scbneeberg.  8azony« 


Allactite.     MnsAs,0».4Mn(()II)«.     In  sm.ill  brownisb-red  prismatic  crystals.    From 
the  Moss  mine.  Nordmark.  and  ut  L&ngban,  Sweden. 

Synadelphite.     2<Al.Mn)A<i04  5Mn(0H)«.     In  prismatic  crystals;  also  In  gimina.    G.= 
3-45-3-50.    Color  brownish  black  to  black.    From  the  Moss  mine,  Nordmaik.  Sweden. 

Flinkita.    MDA80«.2Mn(OH)«.    In  minute  orthorhombic  crystals*  tabular  |  0;  grouped 
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in  feather-like  aggregates.  O.  =  8*87.  Color  greenish  brown.  From  the  Harstig  mine» 
Pftjsberg.  Sweden. 

Hemmtolito.  Perhaps  (A1,Mn)As04.4Mn(OH)«.  Id  rhomboliedral  crystals.  G.  = 
8*80-8  40.  Color  brownish  red,  black  on  the  surface.  From  the  Moss  mine,  Nordmark, 
Sweden. 

Retsian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho- 
rhombic  crystals.  H.  =4.  G.  =  4*15.  Color  chocolate-  to  chestnut^brown.  From  the 
Moss  mine,  Nordmark,  Sweden. 

n  m  n  in 

AnMniopleito.  Perhaps  H«R,(0H)«(A80«).;  K  =  Mu,  Ca,  also  Pb,  Mt;;  K  =  Mu, 
also  Fe.  Massive,  cleavable.  Color  brownish  red.  Occurs  at  the  SjO  mine,  Grythytte 
parish,  Sweden,  with  rhodonite  iu  crystalline  limestone. 


Bfanganostibiito.  Hematostlbiite.  Highly  basic  manganese  antimonates.  Iu  em- 
bedded grains.  Color  black.  MajiganasiilntU  occurs  nt  Nordmark,  Sweden;  hematoitibUU 
Is  from  the  SjO  mine,  Grythytte  parish. 

Atelestite.  Basic  bismuth  arsenate,  H«BisAsOt.  In  minute  tabular  crystals.  G.  = 
6*4.     Color  sulphur-yellow.     From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  PhosphateSi  etc. 

The  only  important  group  among  the  normal  hydrous  phcHsphates  is  the 
monoclinic  Vivianite  Group. 

Stmvite.  Hydrous  ammonium-magnesium  phosphate.  In  orthorhombic-hemlmorphlc 
crystals  (Fig.  807,  p.  96);  white  or  yellowish;  slightly  soluble.     From  guano  deposits. 

OoUophanito.  CatP«Ot  -f  H«0.  In  layers  resembling  ^mnite  or  o|>al.  Colorless  or 
snow-white.  From  the  Island  of  Sombrero.  Monite  is  similar,  from  the  islands  Mona  and 
Moneta  in  the  West  Indies,  where  it  is  associated  with  monetUe,  HCaPOi,  occurring  in  yellow- 
ish-white trlcllnic  crystals. 

Ptrophosphobitb.  MgtPsOi  +  4(CatP«0|  +  CatPtd).  Massive,  earthy.  Color 
snow-white,  dull.    From  the  West  Indies. 


Bopeito.  Probably  hydrous  zinc  phosphate,  ZnsPtOs  +  HsO.  In  minute  prismatic 
crystals.  Abo  in  renlform  masses.  G.  =  2*76-2*85.  Color  grayish  white.  Found  In 
cavities  In  calamine  at  the  zinc  mlues  of  Altenberg,  near  Aiz-la-Chapelle.  The  com|)osition 
given  is  that  of  the  artificial  mineral. 

DIokiiisoiiito.  8R«P,0i  4-  H,0  with  R  =  Mn,  Fe,  Na,  chiefly,  also  Cn.  K,.  Li,  In 
tabular, jMeudo-rhombohedral  crystals;  commonly  foliated  to  micaceous.  G.  =  8*88^ 
3  848.    Color  olive-  to  oil-green,  grass-green.     Froui  Branchville,  Fairfield  Co.,  Conu. 

FUlowit«.  Formula  as  for  dickinsonite  and  also  from  Branchville,  but  differing  in 
anele.  In  granular  crystalline  masses.  G.  =  8-48.  Color  wax-yellow,  yellowish  to  red- 
dish brown,  colorless. 


The  three  following  triclinic  species  are  related  in  composition  and  may  be  in  crystalline 
form. 

Roaelito.  (Ca,Co,Mg)sA8,0«  -f  2H,0.  In  small  crystals;  often  in  druses  and  spherical 
aggregates.     G.  =  8  5-3*6.     Color  light  to  dark  rose-red.     From  Schneeberg,  Saxony. 

BrandUto.  CatMnA9«0s  -f  2H,0.  In  prismatic  crystals;  crystals  often  united  in 
ratliated  groups.  G.  =  3-671-3-672.  Colorless  to  white.  From  the  Hnretig  mine,  near 
Pajsberg,  Sweden. 

Fairfieldito.  A  hydrous  phosphate  of  calcium  and  manganese,  Cn«MnPsOi  -f  2X1,0. 
In  prismatic  crystals;  usually  in  foliated  or  fibrous  crystalline  agsregates.  G.  =  807-8*15. 
Color  white  or  menlsh  white  to  pale  straw-yellow.  Fmm  Branchville.  Fairfield  Co., 
Conn.;  liabenatein,  Bavaria  (/^eoman^amt^). 


(Ca,Fe)tPtOs  4- 2}H«0.   In  minute  Ubular  crystals.    Colorless  to  brownish. 
From  near  Henel  in  Hesse. 


DESCBirrtTK   mSEBALOGT. 


forma.     C-ikir  wbile.     Fnm  BiecbclMlwf ;  Frdbrrgj  JopliB,  Vo. 

TiichMldU.     Cu.A*,0.  -  5H,0       Id   ndiaUd 
ratligTit^neu.    Frtmt  tbe  Tiupi'l'  copper  mine^ 


ViTUBltc  Group. 

Hoiodinic 

TtTiaoito 

Fe.P.O,  +  8H.0        a:l:i 

=  (Kr498;l:0':015 

0-7806  :l:01i8t2 

loUinitc 

>lf,l'.".-i-8H,0 

Hanxibi 

Mj,.l.,o.  +  Sll,0 

Brrthrite 

f  0,Ai,O.  +  8H,0 

0-75      : 1:0-70 

Xi.Ai.O,  +8H,0 

bbreriU 

(Ni,MV,,A.,0.  +  8H,0 

Kottigito 

Zi,,A.O.  +  8H,0 

The  ViTiAMTE  Grouf  iDcIudes  bydroni  pboephaUs  of  inm,  manned  am, 
cobalt,  nickel  and  zinc,  all  with  eight  roolecnles  of  water.  The  cryst^ixation 
u  tnonoclinic,  and  the  angles  ao  far  as  kno*ii  corre^mnd  closely. 

VXVIAfnTB. 

Monoclinic.  Crjstala  prismatic  (mm'"  =  71°  58');  often  in  stellato 
groiine.  Also  reniform  ana  globular;  strnctare  dirergent,  fibrons,  or  eartbj; 
also  incrnsting. 

Clearage:  fi  highly  perfect;  a  in  traces;  also  fracture  fibrons  nearly  X^ 
Flexible  in  tbin  lamiii«;  sectila.  H.  =  1-5-2.  G.  =  2-58-3-68.  Luster, J 
pearly  or  metallic  pearly;  other  faces  Tjtreona.  Colorless  when  nnsltered. 
Dine  to  green,  deepening  on  exposure.  Streak  colorless  to  blnisb  white, 
cliangiug  to  indigo-blue  and  to  liver-brown.  Transparent  to  trantlncent; 
opaque  after  eiposure.     Pleochroism  strong. 

Comp.^IIvdrouB  ferrous  phosphate,  Fe,P,0, -|- 8H,0  =  Phosphonu  pen- 
toxide  26-3,  iron  protoxide  43-0,  water  28-7  ^  100. 

Mnny  auatjx«s  shnw  Ibe  preaeDce  of  iron  lesquioiide  due  to  slteralioo. 

Pyr.,  eto.— Ill  tbe  closed  lube  yield*  nentral  water,  whiieni,  and  Hfoltatea.  B.B. 
fuses  at  15.  ci>1oriii;  )bc  flume  blulBh  green,  ton  grayuU  black  magaetlc  globule.  Villi 
tLe  fluxes  rcacis  fur  iroa.     Suluble  in  hvdrucljloric  acid. 

Oba.  —Occurs  naaociaml  with  pjrrlibtite  and  pyriie  in  copper  and  tin  reins:  aotnetlnita 
111  narrow  leins  witb  gold.  InviTsiug  grajwHcke;  both  frialtle  and  ciystallized  fu  bedaof 
ctfiy,  and  sonietimea  associmed  witli  limouilc,  or  bog  frou  ore;  often  bi  cavitUa  of  foMUi 
or  buritJ  bonc-s. 

Occurs  at  St.  Agnes  and  elaewbere  in  Cornwall;  at  Bodeoinals;  tbe  gold  mlnea  of 
Verestiatiik  in  TninsylTnula.  Tbe  eurtbv  varii'ly,  somellmea  called  bint  irvn-eartlk  or 
nalive  Ih-itman  blue  iFeraxurf),  occurs  In  Greenlaiid,  Ciiriuihia,  Cornwall,  etc. 

In  N.  America.  lu  A'ta  Jtrty,  at  AJIeiitowu.  Moumouth  Co.,  botb  crystalllxed.  Id 
mxlulc^,  and  eanbj;  at  Mullica  Hill.  Gloucester  Co  (mvUieiU),  iu  ejlindrical  maiws.  In 
Virgini'i,  in  S:jifford  Co.  Iu  Kenlucta.  near  Eddyville.  In  Caitaibt.  with  llmonile  at 
Vuudreuil. 

Syinplailta.  Probably  Fe,As,Oi  -f  BH,0.  In  small  pritroatlc  ciTatala  and  in  ndialed 
aplieric^l  ai.'grcg»tcg.  G.  ~  3'9oT,  C<ilor  pale  iudigo,  Inclined  to  celandine-green.  From 
LobtiiHiein  in  Voiglland;  Hlltlenberg,  Cariulliia. 

Boblenlte.     Hg.PiOi  +  811,0.     In  nggregnles  of  nilnuie  CTTstali;  alao  maatre. 
oriess  to  wbile.     From  ilie  guano  of  Meiilloue*.  on  tlie  Cblllan  ooa-       —     -  -    — 
like  boblenite,  but  coniaius  calcium.     From  Bumlc,  Nurway . 

HearaMltai      MgiASiOa  +  SHiO.      In   crystals  reaembllag   gnwnm;    also 
atellar-foJIated.    Color  ■now-wbiie.    From  ibe  Bauat.  Hungary. 
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BBTTHRITB.    Cobalt  Bloom.    Eobaltbimbe  (?tfrm. 

.  Mouoclinic.  Crystals  prismatic  aud  vertically  striated.  Also  in  globalar 
and  reniform  shapes,  having  a  drasy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  l*5-2'5;  least  on  b.  G.  =  2'948. 
Luster  of  b  pearlv;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
oolor.     Transparent  to  subtranslucent 

Gomp. — Hydrous  cobalt  arsenate,  Co,As,0,  +  8H,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — In  tbe  closed  tube  yields  water  at  a  gentle  beat  and  turns  bluisb;  at  a  bigber 
heat  gives  off  arsenic  tdoxide,  wbicb  condenses  in  crystals  on  tbe  cool  glass,  and  tbe  residue 
bas  a  dark  gray  or  black  color.  B.B.  in  tbe  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  chaincteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose- red  solution. 

Oba.— Occurs  at  Schneeberg  in  Saxony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

In  the  U.  S.,  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.    Named  from  efivBfjo^,  red, 

Annabergite.  NitA8«0»  -f  8H9O.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  fine  apple-green.  From  Allemont  in  Dauphine;  Annaberg  and  Schneeberg; 
Riechelsdorf;  in  Colorado;  Nevada. 

Oabrerito.  (Ni.Mg).As,0.  -f  8H,0.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple- green.  From  the  Sierra  Cabrera,  Spain;  at  Laurion, 
Greece. 

Kdttigito.  Hydrous  zinc  arsenate,  ZusAsaOi  +  SHtO.  Massive,  or  in  crusts.  Color 
light  carmine-  and  peach-blossom-red.  Occurs  with  smaltiie  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 

Rhabdophanito.  Scovlllite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  0.  =  8*94-4*01.  Color  brown,  pinkish  or 
yellowish  white.  BhdbdopJianiU  is  from  Cornwall;  Seovillite  is  from  the  ScovilJe  (limonite) 
ore  bed  in  Salisbury,  Conn. 

Ohnrohito.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red. '  From  Cornwall. 


SOORODim. 

Orthorhombic.     Axes  d:h:6  =  0-8658  :  1  :  0-9541. 

tUf,    120  A  I20  =  60-  1'.  Pl/\  111  A  ill  =  HI'    6'. 

pj/    111  A  ill  =  "J?"  8'.  pi/'\  111  A  lil  =    66'  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   a,  b  in  traces.     Fracture   uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-1-3-3.      Luster  vitreous  to  sub- 
^       yvj     adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
N^^^yi  y*     brown.    Streak  white.     Subtransparent  to  translucent. 
^^  r/^  Comp.— Hydrous  ferric  arsenate,  FeAsO^  +  2H,0  =  Arsenic 

^^  pentoxide  49-8,  iron  sesquioxide  34  6,  water  15*6  =  100. 

Pyr.,  •to.^In  the  closed  tube  yields  neutral  water  nnd  turns  yellow.  B.B.  fuses 
aasilj.  coloring  the  flame  blue.  B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 
hiMck  magnetic  •coria.    With  the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid. 

OIm.— Often  anociated  with  arsenopyrite.    From  Scbwarzecberg,  Saxony;  Dernbach, 
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Xun:;  L&IIicg.  CarioTLU.  yeichxnfk,  Siberia,  in  fine  cnnla3s:  leek-grMs,  in  Um  CoreUii 

Occ';r-   Lear  EdtLvIIIe.  N.  Y..  w:ih  uieDoprriie:  in  Utah.   TiDtic  diitricl,   at  tbe 
Msf.i.iU'j  L  .1.  iL^!:  oL  cLargi'.e.   As  an  iocriuraiioQ  on  siliccoiuiiBteTof  iLe  Y el lovstone  gejgers. 
Nimei  f;'.;!!  <7«c  j^  Jjvi .  rariU.  tLudiLg  to  tbe  odor  before  tbe  blowpipe. 

Strengit«.  Ft-PO«  ^  2IIiO.  Crrs'ais  rare:  iii  Latit  and  angle  near  scorodite;  general'./ 
Id  spLeri'al  bid  botrTo:d&.  form?.  '  G.  =  2  ^7.  Color  paie  red.  From  iron  mines  neai 
G:e>Ae.M  a  ao  :d  it<«L:>riJge  Cv..  Va..  vfih  tin f  recite. 

Photphoiiderite.  'JFePO«  —  3£HsO.  A:^  irou  pbi«pbate  near  stiengite.  but  with 
3iH;0.     Froui  ue  Sieg^u  n^ining  c.sirlci,  Gt:mii.Dy. 

Barrandit«       AI  Fc- PO«  —  *^HsO.     Is   i;.LerC'3da]   concretiGni,   color  paie  abades  of 

Vaiiicite.  A'PO«  —  '2U:0.  Coinz:i'':.'y  id  cr^-^taJline  aggreotei  and  iocnistatioos 
wl\L  rerjf  VI.  ••^r.'M-e.  0»"*- r  crw::..  Fri.m  Mts^bacb  in  S&xoo  Yoigtlacd:  Sfontgomerj 
C  J.    Arkar.sa^.  o:^  q  .ar'.z:  :d  M»-:ui%r  masses  from  Ui&h. 

Callainite.     A'PO«  ^ '34U:0.      MasnTe:    'wax-Iike.     Color  apple-  lo  emerald -green. 

Fr-vij.  a  Ctl  :c  grave  in  Lockmhriaq-ier. 

Zepharovichite  A  ?•  *«  —  :^H;.0.  Crysial-ice  lo  compact.  Color yellovish  or  grajish 
wbi  t.     Fr«*in  T;eLic  :a  &.-Leiii::ft. 


FcPO«  ^  3H,0.     In  sma'3  spherical  aggr^atei  of  ndiating  needlea 
Culor  veU'jir.     Fn^m  KicLce,  Be.kriu.ii. 


Acid  Hydrous  Phosphates,  etc. 

PHARMAOOUTE. 

Mor.ociinic.  Crvstals  rare.  CommonlT  in  delicate  silky  fibers;  also 
boirvoilal.  Sialactiiic. 

('leavage:  6  perfect.  Fracture  uneven.  Flexible  in  thin  laminae.  H.  = 
2-2 'j.  0.^=  2-»54-*J-T3.  Lnster  vitreous:  on  b  inclining  to jpearlv.  Color 
whi:e  ur  grayish:  frequently  tinged  red.  Streak  white.  Transfucent  to 
opuque. 

Comp. -Probably  HCaAsO,  —  '211,0  =  Arsenic  pentoxide  53*3,  lime  25  9, 

water  '2'.''S  =  Iw. 

Obs  — Fiiun-i  wiTh  ar5-nic:il  ores  of  ct »}■»!:  nud  nWer.  also  with  arwnopyrite:  tt 
Aii  :rtri«'-*>:rj  iu  tue  H-irz;  Rit<riieiftdorf  iu  Ht:%»c;  Jostcbimsihal  iu  Bohemia,  etc.  '  Named 

Haidingerite.  HCmAsO«  —  II lO.  Iu  nrlLu:c  crystal  aggre^tcs.  botrjoidal  and  drusy. 
G.  =  i  ^4^      C.'ior  while.     From  Jo;»cLims;iia'.  wiib  pliarmacolite. 

Wapplerita.  HC.hAsO,  —  3iUiO.  In  m^Duie  crystals;  also  in  incrustations.  Color* 
le*-!  to  wi,::e.     F-.».:;..i  w:;h  pbaruiucoliie  at  JoacbimsiLal. 

Bmshite.  H'.r.PO*  —  2HsO.  In  sma'I  slender  pnsms:  ooDcretionaiT  massive.  Color- 
je^«  t-i  \>..f  vt'.'.o^isii.  Occurs  io  guano.  Metabmahila,  similafh'  associated,  is 
21KuPO.  ^3ll  O 

Martinite.     n/'ai«PO,>4  —  jHiO.     From  pbospborite  depodls  (from  guano)  in  the 

Newberyite.  IIMirPO,  —  3H.0.  In  wbiie  onlii. rhombic  crystals.  From  guano  of 
Sk:'io:'.  C:.w>.  V\:.»r:h      Hannayite.    fr^-m   same  !» t::il:ty,    is  a*  hydrous   phospbaU*  of 

aiiimo!  i'.ini  :i:ul  ni:ic::e>-um. 

Stercorite       MirroivsTiiio    sa't       HXa  XH,  PO.  —  4H,0.      Phospborsalz    Germ,    In 

wbiU'  vi\si:iM:ni-  masses  anii  ni^iu'es  in  i;ii:itK>. 


mas 
Fn 


Hureaulite.  H-Mn,  PO,\  ^  4n..O  In  sliort  prismatic  crystals  (monoclinicV  Alw 
»>i  o.  o>ni|wici.  or  imporfeoily  fiiir.-u*.  Color  yellowish,  orange-red.  rose,  grayisb. 
Mn  L\nu>gi-s.  commune  of  Hureaux.  France.     In  the  U.  Slates,  at  BimnchTllle,  Conn. 


ForbMite.     llHNi.0ov,AstO, -r  SH,0.     Structure   abro-ciysulliiie.    Ck>lor    cra^M 
white.    From  Atacama.  "    ' 
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Basic  Hydrous  Phosphates,  etc. 

Lioolaiito.  Ca»P«Ot.Ca(OH)«.4HsO.  In  minute  wbite  crystals;  also  columnar.  From 
Joachimsthal. 

Hemafibrite.  MDtAstO«.3Mu(OH)«  +  2U«0.  Commouly  in  spberical  radiated  groups; 
Color  brownish  red  to  garnet-red,  becoming  black.  From  the  Moss  mine,  Nordmark, 
Sweden. 

BUOHROITB. 

Orthorhombic.  Habit  prismatic  fww'"=  62°  40'.  Cleavage:  wi,  n  (Oil) 
in  traces.  Fracture  small  conchoidal  to  uneven.  Rather  brittle.  H.  =  3*5-4. 
O.  =  3  389.  Luster  vitreous.  Color  bright  emerald-  or  leek-green.  Trans- 
parent to  translucent. 

Oornp. — Cu,A8,0,.Cu(0H),+  6H,0  =  Arsenic  pentoxide  34*2,  cupric  oxide 

47-1,  water  18-7  =  100. 

Obs.— Occurs  in  quartzose  mica  slate  at  Libethen  in  Hungary,  in  crystals  of  consider* 
able  size,  having  much  resemblance  to  dioptase.    Named  from  evxpoa,  beauttful  color. 

Ooniohaloito.  Perhaps  (Cu,Ca)sAs«Os.(Cu.Ca)(OH)«  -f-  iH,0.  Reniform  and  massive, 
resembling  malachite.  Uolor  pistachio-greeu  to  emerald -green.  From  Andalusia,  Spain; 
Tintic  district.  Utah. 

Bayldonito.  (Pb.Cu)tAstOii.(Pb,Cu)(OH>  +  H,0.  In  mamillary  concretions,  drusy. 
Color  green.     From  Cornwall. 

TagUite.  CutP«Os  Cu(OH),  -f-  2H«0.  In  reniform  or  spheroidal  concretions;  earthy. 
Color  verdigris-  to  emerald-green.     From  the  Ural. 

Iienoochalcito.  Probably  CusA8tOe.C(i(OH)t  -f-  2H,0.  In  white,  silky  acicular  crys- 
tals.   From  the  Wilhelmine  mine  in  the  Spcssart,  Germany. 

Volborthita.  A  hydrous  vanadate  of  copper,  barium,  and  calcium.  In  small  six-sided 
tables;  in  globular  forms.    Color  olive-green,  citron-yellow.     From  the  Ural. 

Oornwallite.  CusAs,0t.2Cu(0H),  -f  H,0.  Massive,  resembling  malachite.  Color 
emerald  green.    From  Cornwall. 

Tjrrolito.  Tlrolit.  Eupferschaum  Germ.  Perhaps  Cu,As,0..2Cu(0H),  -f  7H.0. 
Usiially  in  fan-shaped  crystalline  groups;  in  foliated  aggregates;  aIao  massive.     Cleavage 

Esrfect,  yielding  soft  thin  flexible  Inminse.  Color  pale  green  inclining  to  sky-blue.  From 
ibetben.  Hunmry;  Nerchinsk,  Siberia:  Falkenstein,  Tyrol;  etc  In  the  \f.  States,  in  the 
Tintic  district.  Utah.  Some  analyses  yield  CaCOs,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

OHAIiOOPHTLLlTB. 

Bhombohedral.     Axis  d  =  2-5538.     cr  =  71**  16^  rr'  =  110°  12'. 

In  tabular  crystals;    also   foliated    massive;    in  94$, 

druses. 

Cleavage:  c  highly  perfect;  r  in  traces.  H.  =  2. 
Q.  =  2*4-2'66.  Luster  of  c  pearly ;  of  other  faces 
vitreous  or  sabadamantine.  Color  emerald-  or  grass- 
green  to  verdigris-green.  Streak  somewhat  paler 
than  the  color.    Transparent  to  translucent.     Optically  — . 

Comp, — A  highly  basic  arsenate  of  copper;  formula  uncertain,  perhaps 
7CuO.As.0..14H,0. 

Pyr.,  eto. — In  the  closed  tube  decrepitates,  vields  much  water,  and  gives  a  residue  of 
x)live-green  scales.  In  other  resi^ects  like  olivenite.  Soluble  in  nitric  acid,  and  in 
ammonia.   . 

01ii.-rFrom  |he  copper  mines  near  Redruth  In  Cornwall;  at  Sayda,  Saxony;  Moldawa 
in  the  Banat.    In  the  U.  States,  in  the  Tintic  district,  Utah. 

V^amtHjilB,  ^A  hydiDus  pbaspho-arscnato  of  rop)>er  and  zinc,  formula  uncertain' 
Occam  as «^gr!^nish-blue  crystalline  incrustation  at  Morawitza,  in  the  Banat. 
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WAVBUilTE. 

Orthorhombic.  Axes  d:h:i  =  0 5049  : 1  :  0 3751.  Crjstals  rare.  Usu- 
ally in  aggregates,  hemispherical  or  globalar  with  crystalline  surface,  and 
radiated  structure. 

Cleavage:  p  (101)  and  b  rather  perfect.  Fracture  uneven  to  subconchoidaL 
Brittle.  H.  =  3  25-4.  G.  =  2*316-2-337.  Luster  vitreous,  inclining  to  pearly 
and  resinous.  Color  virhite,  passing  into  yellow,  green,  gray,  brown  and  black. 
Streak  white.     Translucent. 

Coiiip.-4A1PO,.2A1(OH),  +  9H,0  =  Phosphorus  pentoxide  35%  alumina 
38*0,  water  26'8  =  100.     Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Pyr.,  etc.— lu  ibe  closed  tube  gives  off  much  water,  tbe  last  portions  of  which  react 
acid  and  color  Bnizil-wood  paper  yellow  (lluoriDe),  aud  also  etch  the  tube.  B.B.  in  the 
forceps  swells  up  and  splits  inlo  fine  infusible  particles,  coloring  the  tlame  pale  green. 
Oives  a  blue  with  cobalt  solution.  Heated  with  sulphuric  acid  gives^off  fumes  of  hydro- 
fluoric acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  als  >  In  caustic  potash. 

Oba. — From  Barnstaple  in  Devonshire;  at  Zbirow  in  Bohemia;  at  Frankenberg,  Saxony; 
Minas  Geraes,  Brazil,  etc. 

In  the  United  Slates  at  the  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Station,  Chea- 
ter Valley  R.  R.,  Pa.;  Magnet  Cove,  Arkansas. 

Fischerite.  AIP04.Al(0H)s  -f-  2iH,0.  In  small  prismatic  crystals  and  in  dnisy 
crusts.     Color  green.     From  Nizhni  Tagilsk  in  the  Ural. 

Peganita.  AI(P04).Al(OH)s  +  IjHaO.  Occurs  in  green  crusts,  of  small  prismatic 
crystals,  at  Striegis,  near  Freiberg,  Saxony. 

TURQUOIS.    Turquoise. 

Massive;  amorphous  or  crjptocrystalline.  Reniform^  stalactitic,  or  in- 
crusting.     In  thin  seams  and  disseminated  grains.     Also  in  rolled  masses. 

Cleavage  none.  Fracture  small  concnoidal.  Rather  brittle.  H.  =  6. 
G.  =  2-6-2  83.  Luster  somewhat  waxy,  feeble.  Color  sky-blue,  bluish  green 
to  apple-green,  and  greenish  gray.  Streak  white  or  greenish.  Feebly  sub- 
translucent  to  opaque. 

Comp. — A  hydrous  phosphate  of  aluminium  colored  by  a  copper  compound, 
A1P0,.A1(0II),  +  11,0  =  Phosphorus  pentoxide  32*6,  alumina  46*8,  water 
20-6  =  100.     The  copper  salt  probably  has  the  composition  2CuO.P,0^.4H,0. 

Pyr.,  etc.— In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black. 
6.B.  in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse; 
colors  the  flame  green:  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper 
chloride).     With  the  fluxes  reacts  for  copper.     Soluble  in  hydrochloric  acid. 

Oba. — The  highly  prized  oriental  turquois  occurs  in  narrow  seams  (2to4or  even  6  mm. 
in  thickness)  or  In  irregular  patches  in  the  brecciated  portions  of  a  porphyritic  trachyte 
and  the  surrounding  clay  slate  in  Persia,  not  far  from  NishllpOr,  Ehorassan;  in  the  Megarm 
Valley,  Sinai;  in  the  Kara-Tube  Mts.  in  Turkestan,  50  versts  from  Samarkand. 

In  the  U.  States,  occurs  in  the  Los  Cerillos  Mts.,  20  m.  S.  E.  of  Santa  P6,  New  Mexico, 
in  a  trachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  reopened 
and  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety  near 
Columbus,  Nevada. 

Natural  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  the  tint  desired. 
Moreover,  many  stones  which  are  of  a  fine  blue  when  first  found  retain  the  color  only  so 
long  as  they  are  kept  moist,  and  when  dry  they  fade,  become  a  dirty  green,  and  are  of 
little  value.  Much  of  the  turquois  (not  artificial)  used  in  jewelry  in  former  centuries,  as 
well  as  the  present,  and  that  described  in  the  early  works  on  minerals,  was  bone-turquaU 
(called  also  odontoliie,  from  oSovs,  tooih),  which  is  fossil  bone,  or  tooth,  colored  by  a  phos- 
phate of  iron.  Its  organic  origin  becomes  manifest  under  a  microscope.  Moreover,  true 
turquois,  when  decomposed  by  hydrochloric  acid,  gives  a  fine  blue  color  with  mmmonia, 
which  is  not  true  of  the  odontolite. 

Wardlte.  2A1,0,.P,0.  4H,0.  Forms  light-green  or  bluishifreen  coDcretlooarr  in- 
crustations  in  cavities  of  noduhir  masses  of  variscite  from  Utah.    H.  =5.    O.  =  %'Tt. 


/ 
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Sphttrito.  Perbaps  4AIP04.6A1(OH)s.  Id  globular  drusy  coDcretions.  Color  ligbt 
gray,  bluisb.    From  near  St.  Benigna,  Bobemia. 

Ziiakeardito.  (Al,Fe)A80«.2(A1,Fe)(OH).  +  5U«0.  In  tbin  incrustiiig  layera,  wbile  or 
bluisb.    From  Liskeard,  Cornwall. 

Bvanidto.  2AiPO«.4Al(OH}t  +  12H.0.  Massive;  reniform  or  botryoidal.  Colorless, 
or  milk-wbite.    From  Zsetcznik,  Hungary. 

CcEKULEOLACTiTB.  Perbups  3AltOs.2PtOft.l0H«O.  Crypto-crystalline;  milk-wbite  to 
liglit  copper- blue.  From  near  Katzenellnbogen,  Nassau;  also  East  Wbiteland  Townsbip, 
Cuester  Co..  Penn. 

Angelite.  2Al«Os.PtOt.8H«0.  In  tabular  monocliuic  crystals  and  massive.  O.  =  2'7. 
Colorless  to  wbite.  From  tbe  iron  mine  of  Westand,  Sweden.  Tbe  same  locality  bas  also 
yrielded  tbe  following  aluminium  pbospbates. 

Bbrlinite.  2AnOs  2P«0ft.H«0.  Compact,  massive.  Q.  =  2*64.  Colorless  to  grayisb 
3r  rose- red. 

Tbollbite.  4Al«Ot.8PtOft.8H,0.  Compact,  indistinctly  cleavable.  O.  =  8  10.  Coloi 
pale  green. 

Attacolite.  P«Oft.A1«Os,MnO,CaO,HsO,  etc.;  formula  doubtful.  Massive.  O.  = 
3*09.     Color  salmou-red. 


Isometric-tetrahedral.     Commonly    in    tubes;    also    tetrahedral.     Barely 
granular. 

Cleavage:  a  imperfect.     Fractnre  uneven.    Bather  947. 

sectile.  H.  =  2*5.  O.  =  2-9-3.  Luster  adamantine 
to  greasy,  not  very  distinct.  Color  olive-,  grass-  or 
emerald -green,  yellowish  brown,  honey-yellow.  Streak 
green  to  brown,  yellow,  pale.  Subtransparent  to  sub- 
translucent.    Pyroelectric. 

Comp.— Perhaps     6FeAsO,.2Fe(OH)   4-  12H,0  = 
Arsenic  pentoxide  43*1,  iron  sesquioxide  40*0,  water 

16-9  =  100. 

Pyr.,  etc. — Same  ns  for  scorodite. 

Obs. — Obtiiined  at  tbe  mines  in  Cornwall,  witb  ores  of  cop- 
per; at  Scbneeberg  and  Scbwarzenberg.  Saxony;  at  Kduigsberg,  near  Scliemniiz,  Hun- 
gary.    In  Utab,  at  the  Mammotb  mine,  Tintic  district.     Named  from  <pdp/iaKor,  pawn, 
and  (TiSffftoi,  iron. 

liadlaniito.  2FeaP«0ft.Fe(0H)i -f- 8H«0.  Occurs  in  small  green  tabular  crystals 
(monoclinic),  near  Truro,  Cornwall. 

Oaeozenito.  Eakozen  Germ.  FeP04.Fe(0H)j  +  4|HtO.  In  radiated  tufts  of  a  yel- 
low or  brownish  color.    From  near  St.  Benigna  in  Bobemia;  Lancaster  Co.,  Penn. 

Berannite.  Perbaps  2FeP04.Fe(OH)s  +  21HaO.  Commonly  in  druses  and  in  radiated 
globules  and  crusts.  Color  reddish  brown  to  dark  byacintb-red.  From  St.  Benigna.  near 
Beraun.  in  Bohemia.  BieonorUe»  in  tabular  crystals,  is  the  same  mineral.  From  tbe 
Eleonore  mine  near  Oiessen. 

Globositb,  PiciTB,  Dblyauxitb  are  other  hydrated  ferric  phosphates. 

OHILDRBNTTB. 

Orthorhombic.     Axes  d:i:i  =  0-7780  :  1 :  0-52575. 

iwm'",  no  A  110  =    75'  46'.  rr"\    131  A  l8l  =  105"    y. 

rf^,       181  A  iSl  =    89**  47'.  m',        121  A  121  =   49"  56^. 

Only  known  in  crystals.     Cleavage :  a  imperfect.    Fracture  uneven.     H.  = 
4*5-5.     G.  =  3'18-3*24.     Luster  vitreous  to  resinous.     Color  yellowish  white, 

f^ale  yellowish  brown,  brownish  black.    Streak  white  to  yellowish.     Trans- 
ucent. 

Comi^— In    general    2AlPO,.2Fe(OH),  +  2H,0.     Phosphorus   pentoxide 
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30*9^  alumina    22%  iron    protoxide    31*3,   water    15'6  =  100.      Manganese 
replaces  part  of  the  iron  and  it  hence  graduates  into  eospborite. 

Pyr.,  etc.— In  tbe  clcMcd  tube  gives  off  neutnl  water.  B.B.  swells  up  into  ramifici- 
tioDs.  and  fuses  on  ibe  edges  tu  a  biack  mass,  coloring  tbe  flame  pale  green.  Hemieti  un 
cbarcoal  turns  black  and  becomes  magnetic.  Wiih  soda  giTi-s  a  reaction  for  manganetc. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  and  maugmne&e.  Soluble  in  fajtiro- 
chloric  acid. 

Oba.— From  Tavistock.  DeTonsbire.     In  U.  States,  at  Hebron.  Me. 

Eoaphorite.  Form  and  composition  as  for  child reniie,  but  cuotaiuiu^  chieflj  mangai.ese 
instea«l  of  iron.  In  prismatic  cr^'slals;  a:&o  maaaire.  Color  rvae-pmk.  yellowish,  etc. 
From  Branch riile.  Conn. 

Mtfapilita.  C!i,Fe,<AsO«  «.2Fi<>0Hi  —  5H,0.  In  slender  prismatic  cr\-stal&  G.  = 
3  567-3-062.     Color  biack.     From  M:kz;.pil.  Mei:co. 

CalciofeiTite.  CsiFct  PO«  «.Fe  OH  s.SHsO.  Occurs  in  yellow  to  green  nodules  in  c)sy 
a:  Batteobrrg.  Rheui>h  Barar  a. 

Borickito     Pc-rhai^  Ca,Fet-PO«^«.12Fe40H»i  —  6H,0.     Renifurm  masrive:   compact. 

Color  :edi::<li  browu.     From  Lrobeu  in  Sivrin:  Bohemia. 

RiCHELLiTE.  Pcrbaps  4FePsO,.  FesO(%  >  OH  ^  —  36HsO.  MassiTe,  compact  or  foliated. 
Color  yeK«.'W.     F:o!n  Uicbelie.  Belgium. 

UROCONITE. 

Monoolinic.     Axes  a:t:^=  1-3191  :  1  :  1*6808:  /3  =  SS^  33'. 

^*^  mm    .110  •   no  =  l<fi'  Sy.        w^,  110  A  Oil  =  4«*  10. 

ee\       Oil   •  Oil  =  118'  ».        m'e,  110  a  Oil  =  47'  S4'. 

Crystals  resembling  rhombic  octahedrons.  Barely 
gntiiular.  CleaTage:  m,  «  indistinct.  Fracture  subcon- 
rhoidal  to  uneven.  Imperfectly  sectile.  H.  =  2-2*5. 
G.  =  -J-SS-J-^OSo.  Luster  Titreons,  inclining  to  resinous. 
Color  and  streak  sky-blue  to  Terdigris-green. 

Coap. — A  hydrous  arsenate  of  aluminium  and  co}>- 
i^r,  formula  uncertain:  analyses  correspond  nearly  to 
Cn,Al.AsOJ,.3CuAl(OH),.-2(»ft,0  =  Arsenic   pentoxide 

C?  9,  alcrnir.:!  U»o.  cuprio  oxide  35*9.  water  ?4-9  =  100.     Phoephoms  replaces 

par:  of  the  arsor.ic. 

Pyr..  etc.— I::  ;he  c'.Cised  i  :Se  ci^es  much  water  and  tnm*  oliTe-jnwn.  B.B  oncks 
•  p^:.,  h\ii  ■:  ^i  :. .:  :«.-crt-p::ve;  f-.:**-^  ^e^*  rtriii:>  -i.v.  •<»ef  iteU'adaiic  ermTsIng:  cHDcbar* 
cviJ  crack*  oi'c.     leriajraTes.  and  rlrc*  r«o;i..:"s  like  ol-renite.     Solnblelu  nitric  sicid. 

Oha.— Fr:::.  C  r:.njiil;  Hrrreniirrjini  =n  Hunj: 


Chene¥izitc.     Pcrhapis   Cii-.  FeO  j.Vs.O^  ^  3H»0.     Mas^ire  !o  compact.     Color  ilark 
f:ce:i  :o  ^--eLi*..  ye! low.     Fronj  Ci-niwa":  I'-xh. 

RjLsx  oi>iTK.     A  iivdraied  ph.K:)ba:e  .f  *:.:rr.:r.:;;ra  f.nd  copper.     In  botrvoidal  eW«i- 

.ar  ri-ASs.?      L"  I.r  Mr.^  ;i:s-b'-.:v.     Fr.m  C^-rws  .  "  * 

Chalccaiderite      CO  SFe.Or. 2P,0>  >H:0      In   sheaf  like  cmtalliDe    rroana.  as  in- 

Am'KEwmte   is    fr  :r.  C  r=^V     is  Lttir  c.-i  .^  si.ierite. 

Kehzeite      A    :/^i::i:oi    r-.^r-^-e    ^f    a:ja::n-;T;v  zinc,  etc.     XasiTe.     G.  =  2  34. 

.9"-y*iP^*    xr'"'v*^^^'M'^:-^-=^"^''      1=  sTra::  -.-::^td  pmina     Color  vel low ish 

Pliiinbcjummite      A  ':;>  :;:%:cv.  j  h  s-l  ,.v    '  >..,i  a:ui  *  u^cioi.im.     Referable*  dmn*  or 
K-* -i^v '  *^^? J-    =^J  '^^-:*:a:- ::*.    ^. ... :  re::o»i*h.  I r.-wnish.     Wiih  gakaa  at  Huelgoet. 
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Urauite  Group, 

Copper  Uninite.    Eupferurauil  Germ, 

Tetragonal.  Axis  i  =  2*9361.  Crystals  usually  square  tables,  sometimes 
very  thin,  again  thick;  less  often  pyramidal.     Also  foliated,  micaceous. 

Cleavage:  c  perfect,  micaceous.  LaminsB  brittle.  H.  =  2-2*5.  G.  = 
3  4-^*6.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald-  and 
grass-sreen,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler  than 
the  color.    Transparent  to  subtranslucent.     Optically  uniaxial;  nejzative. 

Oornp. — A  hydrous  phosphate  of  uranium  and  copper,  Cu(XJO,),P,0,  + 
8H,0  =  Phosphorus  pentoxide  15*1,  uranium  trioxide  61'2,  copper  84,  water 
15*3  =  100.    Arsenic  may  replace  part  of  the  phosphorus. 

Pyr.,  etc.— In  the  closed  tube  yields  wiiter.  Id  the  forceps  fuses  nt  2*5  to  a  blackish 
mass,  and  colon  the  flame  grecD.  With  salt  of  phosphorus  gives  a  green  bead,  which  with 
tin  on  charcoal  becomes  on  cooling  opNOue  red  (copper).  With  soda  on  charcoal  gives  a 
globule  of  copper.    Soluble  in  nitric  acid. 

Obs. — From  Qunuis  Lake  and  elsewhere  in  Cornwall;  Schneeberg,  etc.,  Saxony; 
Joachimsthal,  Bohemia. 

Zeimerit«.  CudJOiHAssOi-f-  8HtO.  In  tabular  crystals  resembling  torbernite  in  form 
and  color.    O.  =  8 '2.    lSx>m  Schneeberg,  Saxony;  near  Joachimsthal;  Cornwall. 


AUTUNITB.    Lime  Uranite.     Ealkurauit  Germ. 

Orthorhombic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torberuite  in  angle;  also  foliated,  micaceous. 

Cleavage:  basal,  eminent.  Laminae  brittle.  H.  =  2-2*5.  O.  =  3'05-3-19. 
Luster  of  c  pearly,  elsewhere  subadamantine.  Color  lemon-  to  sulphur- 
yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  \h.     Bx±c.     /?  =  1-572. 

Oomp. — A  hydrous  phosphate  of  uranium  and  calcium,  probably  analogous 
to  torbernite,  Ca(UO,),P,0.  -f  8H,0  or  Ca0.2UO,.P.0..8H.O  =  Phosphorus 
pentoxide  15'5,  uranium  trioxide  62*7,  lime  61,  water  157  =  100. 

Some  analyses  give  10  and  others  12  molecules  of  water,  but  it  is  not  certain  that  the 
additional  amount  is  essential. 

Pyr.,  etc. — Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs. — With  uraninite,  as  at  Johanugeorgenstadt,  Falkenstein.  In  the  U.  States,  at 
Middletown  and  BranchTille,  Conn.  In  N.  Carolina,  at  mica  mines  in  Mitchell  Co.;  in 
Alexander  Co.;  Black  Hills,  S.  Dakota. 

Uranoapiiiit«.  Probably  Cn(U03)9 As^O*  -f  8H«0.  In  thin  tabular  crystals  rectangular 
in  outline.     Color  siskin-green.    From  near  Schnceberg,  Saxony. 

Uranooircita.  Ba(U0«)9P«0t  +  BH9O.  In  crystals  similar  to  autunitc.  Color  yellow- 
green.     From  Falkenstein,  Saxon  Yoigtlaud. 


Photphnranylito.  (UOa)sPtOs  +  6HaO.  As  a  pulverulent  incrustation.  Color  deep 
lemon-yellow.    From  Mitchell  Co.,  N.  C. 

Trdgerito.  (nO«)sAs908-4- I2H9O.  In  thin  druses  of  tabular  crystals.  Color  lemon- 
yellow.     From  near  Schneeberg,  Saxony. 

Walpmvita.  Probably  Bi,o(UOi).(OH),4(A804)4.  In  thin  yellow  crystals  resembling 
gypsum.     G.  =  5*76.     Color  yellow.     From  near  Schneeberg,  Saxony. 

Rhagite.  Perhaps  2BiAs04.3Bi(OH)s.  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yellow.    From  near  Schneeberg,  Saxony. 

Mizit«.  A  bydrated  basic  arsenate  of  copper  and  bisnuth,  formula  doubtful.  In 
acicular  dyitals;  as  an  incrustation.  Color  green  to  whitish.  From  Joachimsthal; 
WittieheD,  Baden;  Tintic  distr.,  Utah. 
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Antimonates;  also  Antimoiiites,  Arseniles. 

A  number  of  antimonates  have  been  included  in  the  preceding  pages 
among  the  phosphates,  arsenates,  etc. 


Atoptie.  Perhaps  caldum  pyroantimooate,  CMSbiOr.  In  Isometric  octabcdroDS. 
H.  =  5*5-6.    G.  =  5*03.    Color  yellow  to  resin-brown.    From  Lingban,  Sweden. 

Bindhsimite.  A  hydrous  antimoosie  of  lead.  Amorphous,  reniform;  also  earthy  or 
iucrusting.  Color  gT»y,  brownish,  yellowish.  A  result  of  the  decomposition  of  other 
sntimonial  ores;  thus  at  Horhausen;  in  Cornwall;  Serier  county,  Arkanms. 

Ro— its.  An  antimoniie  of  calcium,  perhaps  Ca8bsO«.  In  groups  of  minute  square 
octahedrons.  H.  above  5*5.  Q.=  4*713.  Color  hyacinth-  or  hooey-yellow.  From  8t. 
Marcel,  Piedmont. 

Nadorite.  PbCISbO«.  In  orthorhombic  crystals.  H.  =  8*9h4.  G.  =7-08.  Cbior 
brownish  \ellow.     From  DjebeUNador,  Constantine,  Algeria. 

Ecdemite.  Heliophyllite.  Perhaps  Pb4As«Ot.2Pt>Clt.  In  cirstala.  masslYe,  and  as  tn 
incrustation.  G.  =  6'89^7'14.  Color  bright  yellow  to  green.  From  Lingban^  Sweden; 
also  Psjsberg  iheiioph^UiU). 

Ochrolita.  Probably  Pb«Sb,OT.2PbCl,.  In  small  crystals,  united  in  diverging  groups. 
Color  sulphur-yellow,    "from  Phjsberg,  Sweden. 

Tripplkmie.  Essentially  an  arsenite  of  copper.  In  small  bluish-green,  tetragonal  crys- 
tals.    From  Copiapo,  ChilL 


Tripnhyite.  An  iron  antimonate.  SFeCSbsO*.  In  microcrystalline  aggregates  of  a 
dull  greeuish-yellow  color.     From  Tripuhy.  Brazil. 

Derbylil*.  An  antimiMitanate  of  iron.  In  prismatic,  orthorhombic  crystals^  H.  =  5. 
G.  =  4*53.     Color  black.    Tripuhy.  Brazil. 

Lewisite.  5Ca0.2TiO«.3Sl>i06.  In  minute  yellow  to  brown  iRNnetric  octahedrons. 
Tripuhy.  Brazil. 

Manseliite.  A  titano-antimooate  of  lead  and  calcium,  related  lo  lewisite.  In  dark 
bro*Tii  isometric  octahedroos.     Jakobsberg.  Sweden. 

AwMioLiTE.  A  doubtful  antimonite  of  mercury;  forming  a  scarlet  earthy  mass. 
From  Chili. 


Phosphates  or  Arsenates  -with  CarbonateSi  Sulphates,  Borates. 

Stijffatif  and  Da\i:i:4  p.  4Wr  may  belong  here. 

Diadochite.     A  by dratetl  phosphate  and  sulphate  of  ferric  iron; Thnringla.     DtMtiiutiU 

\<  <:m'\'\T:  from  Bt?!?imn. 

Pitticite  A  hydrastii  arsenate  anti  sulphate  of  ferric  iron.  Benifonn  and  masfriTe. 
Ye*.  ^Tr'<h  %rd  reddish  bn^wn.     From  Saxony.  Cornwall,  etc. 

Svanbergite.  .\  hydmted  phv>>ph:ite  and  sulphate  of  aluminium  and  calcium.  In 
r.^mN^Ledml  crystals,'    Color  ye*.  low  to  yellowish  brown,  rose-red.    From  Horr^jOberg. 

Sweden. 

Beadantite.  A  pbosr^hae  or  .ir^enate  with  sulphate  of  ferric  iron  and  lead;  formula 
do'i'»tf.;l  In  rhombi^hevlral  crystals.  Color  srrvea  lo  brown  and  Mack.  Froiu  Cork; 
Der.bach  ncd  Horhaiiser".  Xaswi. 

lindackerite.  Perhnps  oX'O  6CuO  SO,:2AsO,.7HtO.  In  rosettea  and  in  reniform 
masses.     Co**^r  Tenli»:ris-  lo  apple-^neen.     From  JoochimsthaL 

LoneborgiU  SM^.BsO).P«0>^HtO.  In  iSattencd  ma^es,  ftbioas  to  caithj  struc- 
ture.   From  LQneburg.  HaanoTer. 

A  hTdious  iroD  arsenate  and  lead  sulphate  from  LaaiioB.  Qieeea 
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Nitrates. 

The  Nitrates  being  largely  soluble  in  water  play  but  an  unimportant  r61e 
in  Mineralogy. 

SODA  NTTBR. 

Bhombohedral.  Axis  6  =  0-8276;  rr'  =  73®  30'.  Homoeomorphous  with 
calcite.    Usually  in  massive  form,  as  an  incrustation  or  in  beds. 

Cleavage:  r  perfect.  Fracture  conchoidal,  seldom  observable.  Rather 
sectile.  H.  =1*5-2.  G.  =  2'24-2-29.  Luster  vitreous.  Color  white;  also 
reddish  brown,  gray  and  lemon-yellow.  Transparent.  Taste  cooling.  Opti- 
cally -.     G^  =  1  -5874,  €y  =  1  3361. 

Oomp. — Sodium  nitrate,  NaNO,  =  Nitrogen  pentoxide  63*5,  soda  36'5  =  100. 

Pyr.,  etc. — Deflagrates  on  cbarcoal  nvitb  less  violence  than  niter,  causing  a  yeUow 
Hgbt,  and  also  deliquesces.  Colors  the  flame  intensely  yellow.  Dissolves  in  three  parts  of 
water  at  60*  F. 

Obs.— From  Tarapaca,  northern  Chili,  and  also  the  neighboring  parts  of  Bolivia;  also 
in  Humboldt  Co.,  Nevada;  near  Calico,  San  Bernardino  Co.,  Cal. 

Nit«r.    Potassium  nitrate,  KNOt.     In  thin  white  crusts  and  silky  tufts. 


Nitrocalcita.  Hydrous  calcium  nitrate.  Ca(NO,>,  -f-  nHaO.  In  eflloTescent  silky  tufts 
and  masses.     In  many  limestone  caverns,  as  those  of  Kentucky. 

Nitromagneaite.    Mg(NO»),  +  nHiO.    In  efilorescences  in  limestone  caves. 

Nitrobaxlte.    Barium  nitrate,  Ba(NO.),.    Isometric-tetartobedral.    From  Chili. 

Oerhardtito.  Basic  cupric  nitrate.  Cu(N0,)s.8Cu(0H),  In  pyramidal  orthorbombic 
crystals.    G.  =  8  426.     Color  emerald-green.    From  the  copper  mines  at  Jerome,  Arizona. 

Darapaldto.  NaNC.NatSG*  +  H,0.  In  square  tabular  crystals.  Colorless.  From 
Atacama.  ObilL  ^ 

Nitrc^nbexito.    6NaNO,.2Na,804.8H,0.    From  Atacama. 


Lantaiita.  Calcium  iodate.  CarIO»),.  In  prismatic  crystals,  colorless  to  yellowish. 
From  the  sodium  nitrate  deposits  of  Atacama. 

Dietselta.  A  calcium  iodo-cbromate.  Monoclinic;  commonly  fibrous  or  columnar. 
H.  =s  8-4.    G.  5s  8*70.    Color  dark  gold-yellow.    From  the  same  region  as  lautarite. 
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Oxygen  Salts. 
6.  BORATI8. 

The  alaminates,  ferrates,  etc.,  allied  chemically  to  the  bontea,  ha^e  been  alreadj  intro- 
duced among  the  oxides.  They  include  the  species  of  the  Spinel  Group,  pp.  887-941,  also 
Chrysoberyl,  p.  842,  etc 

SUSSEXITB. 

In  fibrous  seams  or  veins.  H.  =  3.  O.  =  3*42.  Luster  silky  to  pearly. 
Color  white  with  a  tinge  of  pink  or  yellow.    Translucent. 

Comp. — HRBO,,  where  R  =  Mn,  Zn  and  Mg  =  Boron  triozide  341, 
manganese  protoxide,  41*5,  magnesia  15*6,  water  8*8  =  100.  Here  Mn  (+  Zn) 
:  Mg  =  3 :  2. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric 
paper  is  moistened  with  this  water,  and  then  with  dilute  hydrochloric  acid,  it  aaaumes  a 
red  color  (boric  acid).  lu  the  forceps  fuses  in  the  flame  of  a  candle  (F  =  2),  and  B.B.  in 
O.F.  yields  a  black  crystalline  mass,  coloring  the  flame  intensely  yellowish  green.  With 
the  fluxes  reacts  for  manganese.     Soluble  in  hydrochloric  acid. 

Obs.— Fouml  on  Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.,  with  franklinlte, 
zindte,  willemite,  etc.  An  intimate  mixture  of  ziucite  and  calcite,  not  uncommon  at  Mine 
Hill,  is  often  mistaken  for  sussexite,  but  the  ready  fusibility  of  the  genuine  mineral  is  db- 
tinctive. 

liudwigite.  Perhaps  3MgO.B,Oi  +  FeO.Fe,0,.  In  finely  fibrous  ma«et.  G.  ==  8-91- 
4  02.     Color  blackish  green  to  nearly  black.    From  Morawitza,  Hungary. 

Pinakiolite.  3MgO.B,03  +  MnO.Mn,Oi.  In  small  rectangular  crystals.  H.  =  (L 
O.  =  3  881.    Luster  metallic.     Color  black.    From  L&ngban,  Sweden. 

Nordenakifildine.  A  calcium-tin  borate.  CaSnCBOa)*.  In  tabular  riiombohedral 
crystals.     H.  =  5*5-6.     6.  =  4*30.    Color  sulphur-yellow.    From  the  Langensund  fiord, 

Norway. 

Jeremc^evite.  Eichwaldile.  Aluminium  borate,  AIBO*.  In  prismallc  hexagonal 
crystals.      H.  =  6*5.    G.  =  3*28.     Colorless  to  pale  yellow.     From  Mt  SdkluJ,  Adun- 

C'lmlon  range  iu  Eastern  Siberia. 

Hambergite.  BcaCOHiBOi.  In  grayish-white  prismatic  crystals.  H.  =  7  5.  G.  s 
2  347.     From  Laugesund  fiord,  southern  Norway. 

Szaibelyite.      2Mg»640ii.8H,0.     In  small  nodules;    white  outside,  yellow  within. 

From  Rczbanyji,  Hungary. 

BORAcrra. 

Isometric  and  tetrabedral  in  external  form  under  ordinary  conditions,  but 
in  molecular  structure  orthorbombic  and  pseudo-isometric;  the  stmctnre 
becomes  isotropic,  as  required  by  the  form,  only  when  heated  to  265®.  (See 
Art.  411.) 

Habit  cubic  and  tetrabedral  or  octahedral;  also  dodecahedral.  Crystals 
usually  isolated,  embedded;  less  often  in  groups.  Faces  o  bright  and  smooth, 
0^  dull  or  uneven. 

Cleavage :  o,  o,  in  traces.    Fracture  conchoidal,  uneven.    BritUe.    H.  =  7 
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in  crjetals.  O.  =2*9-3.  Luster  vitreous,  incliiiiDg  to  adamantine.  Color 
white,  inclining  to  gray,  yellow  and  ereen.  Streak  white.  Subtranspareut  to 
traDslncent.  Commonly  showa  double  refraction,  which,  however,  diaappears 
upon  heating  to  265",  when  a  section  becomes  isotropic.  Refractive  index 
H,  =  1-667;  y-a  =  0  0107. 


Strongly  pyroelectric,  the  opposite  polarity  correspondine  to  tbe  position 
of  the  +  and— tetrahedral  faces  (see  pp.  234,  335).  Tbe  faces  of  toe  dull 
tetrahedron  o.  (ill)  form  the  analogous  pole,  those  of  the  polished  form  o 
(111)  the  antilogous  pole,  Koae. 

Comp.— Mg,Cl,B„0„  or  6MgO.MgCL8B,0  =  Boron   trioxide    62-6.  mag-  ■ 
nesia  31-4,  chlorine  7-9  =  101  S,  deduct  (O  =  Cl)  1-9  =  100. 

Tar. — 1.  OnUnari/.  Id  cr^tlals  of  varied  habil.  2.  Mattivt,  vrith  toinetime*  a  lub- 
Golnmiiar  itnictare ;  ttat^urttU  of  Rose.    It  rvsemblei  »  One-graiDcd  wblie  maitile  at 

rDular llmulODe.  ParatUe  otVolger  [a  Ibe  plunora  loietior  of  Eotce  cijilsla  of  boracile. 
EtmntUu^rUU  coDtains  some  Fe. 

Pyr.,  eto.^The  maaalve  variety  give*  water  in  llic  closed  tube.  B.B.  bolh  varletlea 
tnM  at  3  with  latiimeiceDce  to  a  while  crystalline  pearl,  coloring  Ihe  flame  green:  beattd 
after  mobteolDg  with  cobalt  loliitioD  nssumeB  a  dtep  pick  ctilor.  Hlied  wiih  oiide  of 
ocmper  and  healed  od  charcoal  colors  the  flsme  deep  nzure-blue  (copper  chloride).  Soluble 
In  Dvdrocbloric  acid. 

Altera  verr  alowly  on  eipoaure,  onltig  to  the  magneduDi  chloride  presetit,  which  lakei 
up  water.  It  Is  tbe  frequent  preience  ot  II. is  delfqueECeot  chloride  Id  Ihe  maMlve  mfneral, 
thui  oilglnatlnR,  that  led  to  the  view  ihnt  tJiere  was  a  bjdrous  boraclte  Ittaasfunlle). 
ParatUe  of  Vo^r  U  a  result  of  the  snme  kind  of  alletatiOD  In  the  Inlerlor  of  crjslali  a 
boracUe;  this  alteration  giviDg  It  lis  aomewbnt  pliimoee  cbaracter,  aod  totroducInK  water. 

Ob*.— Observed  Id  Mdn  of  anbydrlte,  gypaum  or  Mlt.  Id  ciyatala  at  Ealkberg  and 
Bcblldsietn  In  Ltlneburg,  Hannover;  at  Begeberg.  near  Elel.  In  HolsletD;  at  LunevUTe,  La 
Heurlhe,  France;  massive,  or  as  part  of  the  rock,  also  in  cryslsis,  at  Stawfurt,  Priusia. 

Aaobarits.  A  hydrous  magnmlum  borate.  Id  wblte  lumps  with  boracile.  From 
Aachersleben,  Qermany. 

Rhodlsll*.  A  borate  of  aluminium  and  pntaastum,  with  csesliim  aod  mVtldium. 
Isomctiic-letrabedml;  la  white,  translucent  dodecahedrons.  H.  =  8.  O.  =  8  41.  Pouad 
on  red  tourmaline  from  the  vidnlly  of  Ekaterinburg  lu  the  Ural. 

WarwloklU.  Perhaps  eHuO.FeO  2TiO,.)tB,Of  In  elonnted  prtemaMC  cryaUls. 
O.  =  8-36.    Color  dark  brown  to  duU  black.    Frnm  Edenville,  N.  Y. 

HowUte.  A  aillra-borate  of  calcium,  HtCsiBtSiOit.  In  small  white  rounded  nodules; 
also  eiirthy,     Fmm  Nova  Bcotla. 

ZrfvoBiU.    Fe,Ot.8B,0,.8H,0.     An  IncruBtallOD  at  the  Tuscan  lagoot,,*. 

Lardvdllto.    (NH,),0.4B,Oi.4H,0.    From  tbe  Tuscan  Ugoons. 


Honoclinio.    Axes  lt:h'.t  =  0-7748  : 1  :  05410;  j8  =  «  •  5'. 
Orratali  vmally  short  priematic  (mtn"'^  72°  4').    Massive  cleBvable  to 
gr^nur  and  comp«ct. 
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Cleayable:  b  highly  perfect;  c  distinct.  Fracture  uneyen  to  snbcon- 
choidal.  H.  =  4-4*5.  6.  =  2*42.  Luster  vitreous  to  adamantine,  brilliant. 
Colorless  to  milk?  white,  yellowish  white,  gray.    Transparent  to  translucent. 

Comp.— Ca,B,b„.5H,0,  perhaps  HCa(BO,),+  2H,0  =  Boron  trioxide  509, 
lime  27-2,  water  21-9  =  100. 

Pyr. — B.B.  decrepitates,  exfoliates,  sinters,  and  fuses  imperfectly.  coloriDg  the  flame 
yellowish  greeu.  Soluble  in  hot  hydrochloric  acid  with  separation  of  boric  acid  ou 
cooling. 

Obs. — First  discovered  iu  Denth  Valley,  Inyo  Co.,  California;  later  in  Calico  district. 
San  Bernardino  county. 

Priceitk.  Near  colemanite.  Massive,  friable  and  chalky.  Color  snow-white.  From 
Curry  Co..  Oregon.     Pandtrmite  is  similar;  in  compact  nodules  from  Asia  Minor. 

Pinnoite.  M^B,04.dHiO.  Tetnigonal-pyramidal.  Usually  in  nodules,  radiated 
fibn>us.     Color  sulphur*  or  straw-yellow.     From  Stassfurt. 

Heintzite.  Hintzeite.  Euliborite.  A  hydrous  borate  of  magnesium  and  potassium. 
In  smull  crystals,  sometimes  aggregated  together.  H.  =  4-5.  O.  =  2*13.  Colorless  to 
white.     From  Leopoldshall,  Stassfurt. 


952. 


m 


Monoclinic.     Axes  a  :  ^  :  d  =  10995  :  1  :  0-5632;  p  =  73**  25'. 

<ra.        001  A  100  =  73"  25'.  a,     001  A  221  =  64*    S'. 

mm"',  110  A  110  =  W    C.  «/.    Ill  A  Hi  =  57*  27'. 

CO,        001  A  in  =  40"  81'.  mf,    221  A  25l  =  83*  28*. 

Crystals  prismatic,  sometimes  large;  resembling  pyrox- 
ene in  habit  and  angles. 

Cleavage:  a  perfect;  m  less  so;  bin  traces.  Fracture 
conchoidal.  Rather  brittle.  H.  =  2-2  5.  G.  =  1-69-1 -72. 
Luster  vitreous  to  resinous;  sometimes  earthy.  Color 
white;  sometimes  grayish,  bluish  or  greenish.  Streak 
white.  Translucent  to  opaque.  Taste  sweetish-alkaline, 
feeble.  Optically  — .  Ax.  pi.  J,  b.  Bx.  J.  b.  Bx^,  A^  = 
-  56^  50'.  p  =  1-470.  2Er  =  59°  30'. 
Comp.— Na,B,0,.10H,0  or  Na,0.2B,0,.10H,0  =  Boron  trioxide  36*6,  soda 
16-2,  water  4T-:>  =  100. 

Pyr..  etc. — B.B.  puffs  up  and  afterward  fuses  to  a  trausparent  globule,  called  the  fflan 
of  borax.  Fused  with  fluorite  aotl  potassium  bisulpbale.  it  colors  tbe  flame  arouuutbe 
assay  a  clear  green.  Soluble  in  water,  yielding  a  faintly  alkaline  solutiou.  B<Nliug  water 
dissolves  double  its  weight  of  this  salt. 

Oba.— ObtAiiied  from  the  salt  lakes  of  Tibet:  the  crude  mineral  is  called  A'liea/.  In 
California,  abundant  in  Lake  Co..  nt  Bo* ax  Lake  and  Hachinhnma,  two  small  alkaline 
lakes  in  the  immediate  Ticiiiity  of  C)c»r  Lnke;  present  in  solution  in  the  lake  waters,  and 
obtained  also  iu  large  quantities  in  fine  crystals  embedded  in  the  lake  mud  and  tbe  sur- 
rounding mtirshy  soil:  also  found  in  fine  large  clear  crystals  at  Borax  Lake.  San  Bemar- 
tlin  ►  Co  :  at  Dea'th  Valley,  Inyo  Co.     Also  Rhodes  Mnrs'h.  etc.,  Esmeralda  Co..  Nevada. 

Named  borax  from  the  Arabic  huraq,  which  included  also  the  niter  (Mdlum  carbonate) 
of  ancient  writers,  the  natron  of  the  Egyptians.  Borax  was  called  cbryiocolla  by  Agricola 
because  u&ied  iu  soldi  ring  i:old. 


Bomnatrocalci!e.     NatronborocalcSte. 

L'snally  in  rounded  masses,  loose  in  texture,  consisting  of  fine  fibers,  which 
are  acicnlar  or  capillary  crystals.  H.  =  1.  G.  =  1-65.  Luster  silky  within 
Color  white.     Tasteless. 

Comik'A  hydrous  Iwrate  of  sodium  and  calcium,  probably  NaCaB  O  8H.0 
=  Boron  trioxide  43-0,  lime  13*8,  soda  7*7,  water  35-5  =  100.  »••**! 
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Pyr.,  ttto. — Tieldfl  water.  B.B.  fuses  at  1  with  intumescence  to  a  clear  blebby  glass, 
oolonng  the  flame  deep  yellow.  Moistened  with  sulphuric  acid  the  color  of  the  flame  is 
momeDtarily  changed  to  deep  green.  Not  soluble  in  cold  water,  and  but  little  so  in  hot; 
the  solution  alkaline  in  its  reactions. 

Oba. — From  the  dry  plains  of  Iquic[ue,  Chili.  In  Nevada,  in  large  quantities  in  the 
salt  marshes  of  the  Columbus  Mining  District,  Esmeralda  Co. 

Named  after  the  Carman  chemist,  G.  L.  Ulex. 

Bechilita.    CaB40T.4HtO.    In  crusts,  as  a  deposit  from  springs  in  Tuscany. 

Hydroboracite.  CaMgBtOii.6HsO.  Resembles  fibrous  and  foliated  gypsum;  color 
white.    From  the  Caucasus. 

Snlfoborita.  8MgS04.2MgtB409-f  12HsO.  In  colorless  prismatic  orthorhombic  ciys- 
tais.    H.  =  4.    O.  =  2'88-2'46.    From  Westeregeln,  Germany. 


Uranates. 

URANINXTB.    Cleveite.    Bre5ggerite.    Nivenite.    Uranpecherz  Oerm. 

Isometric.  In  octahedrons^  also  with  dodecahedral  faces  {d) ;  less  often  in 
cubes  with  o  and  d.  Crystals  rare.  Usually  massive  and  botryoidal;  also  in 
grains;  structure  sometimes  columnar^  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5*5.  G.  =  9*0  to  9*7  of 
crystals;  of  massive  altered  forms  from  6*4  upwards.     Luster  submetallic^  to 

freasy  or  pitch-like^  and   dull.    Color  s^rayish,  greenish,  brownish,  velvet- 
lack.     Streak  brownish  black,  grayish,  olive-green,  a  little  shining.    Opaque. 

Comp. — A  uranate  of  uranyl,  lead,  usually  thorium  (or  zirconium),  of ^en  the 
metals  of  the  lanthanum  and  yttrium  groups;  also  containing  the  gases  nitro- 
gen, helium  and  argon,  in  varying  amounts  up  to  2*6  p.  c.  Calcium  and  water 
(essential  ?)  are  present  in  small  quantities;  iron  also,  but  only  as  an  impurity. 
The  relation  between  the  bases  varies  widely  and  no  definite  formula  can  be 
given. 

Var. — The  minerals  provisionally  included  under  the  name  uraninite  are  as  follows: 

1.  OryitaUued,  UranniobUe  from  Norway.  In  crystals,  usually  octahedral,  with  G. 
varying  for  the  most  part  from  9  0  to  9'7 ;  occurs  as  an  original  constituent  of  coarse 
granites.  The  variety  from  Branch ville,  which  is  as  free  from  alteration  as  any  yet 
examined,  contains  chiefly  UOs  with  a  relatively  small  amount  of  UOa.  Thoria  is  prom- 
inent, while  the  earths  of  the  lanthanum  and  yttrium  groups  are  only  sparingly  represented. 

BrdggmU,  as  analvzed  by  Hillebrand,  gives  the  oxygen  ratio  of  UOa  to  other  bases  of 
about  1:1;  it  occurs  in  octahedral  crystals,  also  with  d  and  a.    G.  =  908. 

Cleveits  and  nitenits  contain  UOa  in  larger  amount  than  the  other  varieties  mentioned, 
and  are  characterized  by  containing  about  10  p.  c.  of  the  yttrium  earths.  Cleveite  is  a 
variety  from  the  Arendal  region  occurring  in  cubic  crystals  modified  by  the  dodecabedron 
and  octahedron.  G.  =7*49.  It  is  particularly  rich  in  the  gas  helium.  Nivenite  occurs 
massive,  with  indistinct  crystallization.  Color  velvet-black.  H.  =  5  5.  G.  =  801.  It 
is  more  soluble  than  other  kinds  of  uraninite,  being  completely  decomposed  by  the  action 
for  one  hour  of  very  dilute  sulphuric  acid  at  100**. 

2.  ifa«ft9«,  problably  amorphous.  Pitchblende.  Uranpecherz  G^^rm.  Contains  no  tborin; 
the  rare  earths  also  absent.  Water  is  prominent  and  the  specific  gravity  is  much  lower,  in 
some  ca«e8  not  above  6*5;  these  last  differences  are  doubtless  largely  due  to  alterniion. 
Here  belong  the  kinds  of  pitchblende  which  occur  in  metnlliferous  veins,  with  sulphides  of 
silver,  lead,  cobalt,  nickel,  iron,  zinc,  copper,  as  that  from  Jobanngeorgenstadt,  PHbnini, 
etc.:  probably  also  that  from  Black  Hawk.  Colorado  (Hillebrand). 

Fyr.,  etc. — ^B.B.  infusible,  or  only  sliglitly  rounded  on  ibe  edges,  sometimes  coloring 
the  outer  flame  green  (copper).  With  borax  and  salt  of  phosphorus  gives  a  yellow  bead  in 
O.P..  becoming  green  in  R.F.  (uranium).  With  soda  on  charcoal  gives  a  coatinir  of  lead 
oxide,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  and 
acKoic  in  the  open  tube.  Soluble  in  nitric  and  sulphuric  acids;  the  solubility  differn 
widely  in  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Not 
attractable  by  the  magnet. 
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Oba. — Aa  noted  above,  aimsiiiite  ocean  either  as  a  primaij  eooiCilacBt  of  granitic  rocks 
#>r  a*  a  Jierondary  mioeral  with  ores  of  nlrer.  lead,  copper,  etc.  Under  tke  latter  cood it iou 
IL  U  fo:iiid  at  JoiuuiOgeorgeiUitAdi.  3fanebber^.  aukd  dcLaeebeffg  in  Saaosj.  ai  Juachim&thal 
aari  Pfibram  in  Boitemia,  aod  Hezbaiija  i  j  Huocanr.  Occurs  in  Xorvaj  in  pegmaiiic 
▼diM  at  s^reral  p«iiu(s  near  Xoas.  fiz.:  Anoerod  (Mfynrtk),  EiTCHaii,  etc:  a]M>  near 
Arebdai  at  the  Gain  a  feld<«par  quarry  iUertitet.  aasi.cfated  with  onhifte,  fef^^iWMiite,  thorite, 
etc 

Id  the  U  States,  at  the  Xiddletowo  feldspar  qtiarnr.  Coon.,  in  large  octahedroosv  ran:: 
at  Hale*  qubiry  iu  Glastonbury,  a  few  miles  X.£.  of  Sliddletown.  At  Braochfille,  Conu  , 
fai  a  p^-gma-ite  veto,  as  small  «^<:tah^ral  fTystalft,  embedded  in  albiie.  In  N.  Carolina,  at 
the  FliU  Kor;k  miue  aud  other  n.iGi  miocs  in  Mitchell  Co..  rather  abandant,  bat  usoallr 
altererJ,  in  part  or  eotirely,  to  gummiie  and  aranophane;  the  cryfetak  are  aooMtimes  an  inch 
or  more  across  aod  cubic  io  hst^  In  8.  Carolina,  at  Marietta.  In  Texas,  at  the  gadolinite 
local  it  J  io  Llano  Co.  (air^At^;.  In  large  quantities  at  Black  Hawk,  near  Central  City, 
Colora^lo.  Rather  abundant  in  the  Bald  Mountain  district.  Black  Hills,  S.  Dakoin.  Alio 
wifb  monazit  .  etc..  at  the  VilleneuTe  mica  reins.  Ottawa  Co..  Q^iebec.  Gsnada. 

OtinuBito.  An  alteratioo-prrxluct  of  uraninite  cf  doubtful  oompoaitioa.  In  rounded 
or  flattened  pie>^eii.  looking  much  iike  gom.  G.  =  3iM-^.  Luster  greasy.  Color  red- 
di«»h  yrl.ow  to  orange-red.  reddish  brown.  From  Johanngeorgenstadt,  also  Mitchell  Co., 
N.  C. 

VTTROocinf  ITE.    Occurs  with  clereite  as  a  decom position- prodocL 
THOBOOfM MiTK.     Occurs  With  fergiisooite,  cyrtolite,  and  other  species  at  the  gadoli- 
nite; kjcality  in  Llano  Co. .  Texas. 

Uranoaphanite.  f  BIO^iUiOt  3H,0.  In  half -globular  aggicgatzd  foran.  Color  orange- 
yellow,  brick-red.    From  near  Schneeberg.  Saxony. 
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Oxygen  Salts. 
6.  SniiFHATESi  OHROMATESi  TELLTTBATES. 

A.  Anhydrous  Sulphates,  etc. 

The  important  Barite  Group  is  the  only  one  among  the  anhydroas  sul- 
phates and  chromates. 

Maioagnita.  Ammonium  sulphate,  (NH4)s604.  Usually  in  crusts  and  stalactiiic 
forms.     Occurs  about  Tolcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorita.  5KtS04.(NH4)s604.  In  small  compact  lumps  or  concretions.  From  the 
guano  of  the  Chiucba^ Islands. 

Thenardite.  Anhydrous  sodium  sulphate,  NaiSOi.  In  orthorhombic  crystals,  pyram- 
idal, short  prismati'!  or  tabular;  also  as  twins  (Fig.  846.  p.  118).  White  to  brownish. 
Soluble  in  water.  Often  observed  in  connection  with  salt  lakes,  as  on  the  shores  of  Lake 
Biilkhash,  Central  Asia;  similarly  elsewhere;  al80  in  8.  America  in  Tampaca.  In  the  U. 
8.  forms  extensive  deposits  ou  the  Rio  Verde,  Arizona.  In  California,  ai  Borax  Lake,  San 
Bernardino  Co. 

Aphthitalite.  Arcanite,  (E,Na),S04.  Rhombohedral;  also  massive,  in  crusts.  Color 
white.  From  Vesuvius,  upon  lava;  at  Douglashall  near  Westeregeln  in  blCdile;  Rocalmuto. 
Sicily. 

QLAUBBRITB. 

Monodinic.    Axes  A:i:6=  1-2200  :  1  :  10275;  /3  =  67^  49'. 

ea,       001  A  100  =  67'  49'.       cj.    001  a  111  =  43"    2*.  ^  3 

mm",  111  A  lil  =  96'  58'.       em,  001  a  HO  =  76'  801'. 

In  crystals  tabular  ||  c;  also  prismatic. 

Cleavage:  <? perfect.  Fracture conchoidal.  Brittle. 
H.  =  2-5-3.  G.  =  2  7-2-85.  Luster  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
white.  Taste  slightly  saline.  On  the  optical  prop- 
erties (see  p.  225). 

Comp.— Na,SO,.CaSO,  =  Sulphur  trioxide  57-6, 
lime  20-1,  soda  22-3  =  100;  or,  Sodium  sulphate  51-1, 
calcium  sulphate  48*9  =  100. 


r.,  etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a  while  enamel,  coloring 
the  flame  intensely  yellow.  On  charcoal  fuses  in  OF.  to  a  clear  bead;  in  R.F.  a  portion 
is  absorbed  by  the  charcoal,  leaving  an  infusible  hepatic  residue.  Soluble  In  hydrochloric 
acid.  In  water  it  loses  its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  nnd  In  a  large  excess  this  is  completely  dif*solved. 

Obs. — In  crystals  in  rock  salt  at  Villa  Hubia,  in  New  Castile,  Spain;  also  at  Aua^ee, 
Upper  Austria;  Berchtesgaden.  Bavaria;  Westeregeln;  Stassfurt.  In  crystals  in  the  Rio 
Verde  Valley,  Arizona,  with  thenardite,  mirabllite,  etc. ;  Borax  lake,  San  Bernardino  Co., 
California. 

XrfUigbeliiita.  KsMgs(S04)s.  Isometric-tetartohedral.  In  highly  modified  oolorlese 
cryatalt.    G.  s  2'83.    From  Westeregeln,  Glermany. 
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Barlte  Group.     RSO,.     Orthorbombic. 

m  Am'"  dd'  oa' 

110  Alio     102  A  102    Oil  A  Oil  &il:6 

Barite  BaSO,      78"  23i'        77°  43'         lOo"  26'        08152 : 1 :  1-3136 

Celertite  SrSO.       75"  50'         78°  49'         104°    0'        0-7790 : 1 :  1-2801 

Angleiita        PbSO.      76"  161'        78"  47'         104"  24^'      0-7852  :  1 :  1-2894 


Anhydrite      CaSO, 


■■  33')       (58'  31')        {90°    3')     0-8933  :  1 :  1-0008 


The  Babite  Group  includes  the  Gulphatee  of  barmtn,  Btrontiain,  and  lead, 
three  species  which  are  cloeely  tsomorpLouB,  agreeing  not  only  in  axial  ratio 
but  also  ill  crystalline  habit  and  cleavage.  With  these  is  also  included  calcinm 
sulphate,  nnhydrite,  which  has  a  related  but  not  closely  similar  form ;  it  differs 
from  the  others  conspicuously  in  cleavage.  It  is  to  be  noted  that  the  carbon* 
ates  of  the  same  metala  form  the  isomorpbous  Abagokitb  Gbodf,  p.  353. 

BABim.    Heavy  Spar.    Baiytea.    Scbwerspfttb  Otrm. 
Orthorbombic.    Axes  d:hii  =  0-8152  :  1 : 1-3136. 


mm".  110  A  liO  =  ;%•  22J'. 
cd.  001  A  102  =  38"  61J'. 
«>,        001  A  on  =  52- 43'. 


<M" ,  108  A  l(fi  =  102*  ir. 
oo".  Oil  A  Oli  =    74*84'. 

ez.    001  A  in  =  «•  var. 


(^^  ^^ 


Crvstals  commonly  tabnlar  |  i\  and  united  in  diverging  groups  bBvine  the 
axis  ^in  common;  also  prismatic,  most  frequently  |  axis  h,  d  (102)  preaomi- 
iiating;  also  1  axis  t,  m  prominent;  o^ain  |  i,  with  o  (Oil)  prominent.  Also 
IB  globular  forms,  fibrous  or  lamellar,  created;  coarsely  laminated,  lamiius 
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convergent  and  often  curved;  granular,  resembling  wliite  marble,  and  eartliy; 
colors  sometimes  banded  as  in  stalagmite. 

Cleavage:  o  perfect;  m  also  perfect,  Fig.  954  the  form  yielded  bj  cleavage; 
Also  b  imi>erfect.  Fracture  uneven.  Hrittle.  H.  = 'i'5~Z5.  G.  =  4'3-4'6; 
4'480  cryst.  Luster  vitreous,  incliuiuc;  to  resinous;  sometimes  pearly  on  c,  less 
often  ou  m.  Ktreak  white.  Color  wniie:  also  inclining  to  yellow,  gray,  blue, 
red,  or  brown,  dark  brown.  Transparent  to  translucent  to  opaque,  oonietimes 
fetid,  when  rubbed.  Optically +.  Ax.  pi.  ||  6.  BxJ.a.  SE,  =  6^°  5', 
A,  =  1-6371,  (see  further  p.  224). 

Tar,  — Ordiniirj.  (a)  CrjsUlB  uBiiaily  broaii  or  stoul;  Bometimes  T«ry  Urge:  agaui  in 
slenikr  ueetlles.  <6)  Orttttd;  tms»i\o  aegregutlotiB  o(  tabular  crysIuU.  ilie  crysula  project- 
log  ul  surfitce  Into  crest-like  forma,  (e)  Columnar;  the  coluniua  oflen  coarse  nod  loosely 
aggregated,  aed  eltliet  radiated  or  paralloh  rardy  Que  fibrous,  (d)  Id  globular  or  oodulur 
coucrctions.  subObroue  or  columaar  wltliiii.  BoUigna  btoiit  (from  uenr  Bologna)  Is  bere 
iDcludetli  it  was  early  a  source  of  wonder  because  of  the  pliospborescencu  it  exbibitcil  atler 
healing  with  charcoal.  "Bologna  phospborui"  -nns  made  frotn  ft,  («)  Litncilar,  either 
■traigbt  ot  curved;  the  latter  sometimes  aa  oggregutioDS  of  curved  scale-like  plates. 
(/)  Gvauular.  (f)  Compact  or  cryptocrysuilllue.  (fi)  Earthy.  (0  Sttiluctltlc  and  atalag- 
niillc:  slmiliir  iu  structure  and  origin  lo  calcareous  sialacliles  and  BlalHgoiiiCH  and  of  much 
beauty  wlicn  polished.  (A)  Felid;  ao  called  from  the  odor  given  off  nhen  struck  or  vcbeu 
Iwoplecea  are  rubbed  together,  which  odor  may  be  due  lo  carbouaceouB  mailers  preaeul. 

The  buiile  of  MuzMJ,  Hungary,  and  of  Better,  ncur  Koaeuau,  waa  early  called  Woln^. 
Cav>k  is  the  ordinanf  barlLe  i>f  the  Derbyshire  lead  mlucs.  JJrttiitt,  sup|>oaed  lo  bo  rhom- 
bobedral.  is  simply  barile.  aticheilfvyte  from  Ptrklii'a  Mill.  Templetnc.  Quebec  {ilescribed 
as  monoclinic),  la  peculiar  iu  its  pcurly  luaier  on  m,  twiuniug  atrlatluiis,  etc. 

Comp.— Barium  sulphate.  BaSO.  =  Sulphur  trioxide  34*3,  baryta 65-7  =  100. 

SlroDtium  sulphate  Is  often  present,  also  calcium  sulphate;  further,  Eia  Itupurllles,  Bjllca, 
clay,  bituminous  or  carbouaccoua  subslauces. 

Pyr.,  etc.— B.B.  decrepilalcs  Bd<1  fuaes  at  8,  eolorlug  ibe  flume  yellnvish  green:  the 
/used  maas  reacts  alkaline  with  lest  paper.  On  charcoal  reduced  lo  a  sulphide,  wlih  soda 
gives  at  first  a  clear  peiirl.  but  on  continued  blowing  yields  a  liipatlc  mass,  which  eprenda 
out  and  toaka  Into  the  coat.     This  reacts  for  sulphur  (p.  2S2).     Insoluble  in  acids, 

Diff — Characterized  by  high  specific  gravity  (higher  than  celesiite.  aragoDite,  nlbiie, 
calclle,  gypsum,  etc):  cleavage:  insolubility:  ^fsii  coloration  of  the  blowpipe  flame. 
Albile  is  balder  and  calcite  effervesces  with  acid. 

Oba, — Occurs  commonly  Iu  couneclion  with  beds  or  veins  of  metallic  ores,  especially  ot 
lead,  also  copper,  silver,  robalt,  mnnganese.  as  part  of  the  ganguc  of  the  ore;  also  often 
accompanies  slibuite,  Bometimes  present  ia  massive  forma  wiih  hemslite  depoells.  It  Is 
met  with  in  aecondary  limestones  auil  sandstones,  sometimes  forming  distinct  veins,  aud  in 
Ihe  former  often  In  crystals  along  with  calclle  nod  celesiite:  iu  ibe  latter  often  with  copper 
ores.  Soinetimea  occupies  tbeciivllies  of  amygtinloldal  baaalt,  porphyi;,  etc.;  foims  eeithy 
mosses  In  beds  of  marl.    Occurs  as  the  petrifying  material  of  fossils  and  occupying  caviiies 

Pine  crystals  are  obtained  at  Ihe  Dufton  lead  mines,  Weatm  or  eland.  England:  also  iti 
Cumberland  and  Lancnihire:  in  Derbyshire.  BlaSordshire,  etc.;  Cleator  Moor,  Alaton 
Hixir.  In  Scotland,  in  Argyleshire,  nt  Blnmttan.  Some  "1  the  mosi  Important  of  the 
many  Buni|Wnn  locnlilics  are  FelaBbaiiya,  NngybStiya.  Bchemnitz,  and  Kremnili.  in 
Hungary,  often  with  stilmite:  Hlltleniierg,  Carliilhla;  Freiberg.  Marienberg,  in  Sa»ony; 
Claustliol  in  ibeHarz:  Pflbntm,  Btihemlai  wfib  the  manganese  ores  of  Ilefcid,  (Ebrensiock. 
clc;  Auvergne. 

In  I'le  U.  Slates,  formerly  In  Tonn,.  at  CTIii-shire,  intemecllng  Ihe  red  laudstone  in  veins 
with  CliftlciHiile  and  mnlnclille.  In  iV.  York,  nt  I'lllar  Pofni.  opposite  Sacketl's  Harlior. 
rim-nlTe:  at  Scoliarle,  flbrous;  in  St.  Lawrence  Co..  crystals  at  De  Kalb:  the  cresU-d  variety 
nt  Hnmniond.  In  Penn.,  In  crystals  nl  Purkiomen  lend  mine.  In  Virginia,  at  EldridgL-'a 
gold  mine  in  Buckingham  Co,  In  If.  C'troUnn.  white  massive  at  Crowders  Mt,,  Gnalon 
Co..  elc,  In  Tenn  ,  im  Brown's  Creek:  ai  Haysboro*.  near  Nashville;  in  large  veins  In 
Bandstoiie  on  the  W.  end  of  I.  Itoyale,  L.  Superior,  nnd  on  Spar  Id..  N,  shore.  In  Miitovri, 
not  ilDcummon  with  the  lead  ores:  In  concretionary  forma  ni  Salina.  Saline  Co.,  Kansas. 
~^jCWer<rtde,  at  Sterllue,  Weld  Co  :  Apishiipa  Creek;  also  In  El  Paao  and  Fremont  Cos.  In 
r  Fort  Wallace,  New  Heiico, 
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Id  Ootario.  in  Bathurat,  and  N.  Burgess,  Lanark  Co. :  Galway,  Peterboroufb  Ck>. ;  as  large 
veins  on  Jarvis.  McKellars,  and  Pie  jslauds,  in  L.  Superior,  and  near  Fort  William,  Thunder 
Bay.  In  Nova  Scotia,  in  veins  in  the  slates  of  East  Ri?er  of  the  Five  Islands,  Colchester 
Co. 

Named  from  fiapvi,  heavy. 


OBZiBBTlTJU.    Coelestine. 
Orthorhombic    Axes  d:l:d  =  0-7790  : 1 : 1-2800. 

96S.  967. 
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mm"\  110  A  110  =  75*  50'.  ed.  001  A  102  =  89*  241'. 

el.        001  A  104  =  22'  20*.  eo,  001  A  Oil  =  62*    0*. 

Crystals  resembling  those  of  barite  in  habit;  commonly  tabnlar  |  c  or 
])rismatic  |  axis  a  or  ^  also  more  rarely  pyramidal  by  the  prominence  of  the 
forms  tp  (L33)  or  x  i^^"^)-  ^^^o  fibrous  and  radiated;  sometimes  globular; 
occasionally  granular. 

Cleavage:  c  perfect;  m  nearly  perfect;  b  less  distinct.  Fracture  uneven. 
H.  =  3-3*5.  6.  =  3-95-3'97.  Luster  vitreous,  sometimes  inclining  to  pearly. 
Streak  ^hite.  Color  white,  often  faint  bluish,  and  sometimes  reddish. 
Transparent  to  subtranslucent.  Optically  +.  Ax.  pi.  J  J.  Bx  J.  a.  2Ey  = 
89°  36'.     /?y  =  1-6237. 

Var. — 1.  Ordinary,  (a)  In  crystals  of  varied  habit  as  noted  above;  a  tinge  of  a  delicnle 
blue  is  very  common  and  sometimes  belongs  to  only  a  part  of  a  crystnl.  The  variety  fn)m 
Montmartre,  called  apotome,  is  prismatic  by  extension  of  o  (Oil)  and  doubly  terminated  by 
the  pyramid  i^  (133)  (ft)  Fibrous,  either  parallel  or  radiated,  {e)  Lamellar;  of  rare  occur- 
rence, {d)  Granular.  («)  Concretionary.  (/)  Eartliy;  impure  usually  with  carbonate  of 
lime  or  clay. 

Comp. — Strontium  sulphate  =  SrSO^  =  Sulphur  trioxide  43*6,  strontia 
56*4  =  100.     Calcium  and  barium  are  sometimes  present. 

Pyr.,  etc. — B.B.  frequently  decrepitates,  fuses  at  3  to  a  white  pearl,  coloring  the  flame 
stronlia-red;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  R.P.  is  converted 
into  a  (litficultly  fusible  hep:uic  mass;  this  treated  with  hydrochloric  acid  and  alcohol  gives 
an  intensely  reil  flame.     With  soda  on  charcoal  reacts  like  barite     Insoluble  in  acids. 

Diflf— Characlerized  by  form,  cleavnjnre,  hiffh  specific  gravity  red  coloration  of  the 
blowpipe  flame.  Does  not  effervesce  with  acids  like  the  carbonates  (e.g.,  strontianite); 
speciUc  gravity  lower  than  that  of  barite. 

Obs. — Usu  dly  associated  with  limestone,  or  sandstone  of  various  ages;  occasionally  with 
metalliferous  ores,  as  with  galena  and  sphalerite  at  Cond  rcet,  France;  nt  Ri'zt't&nva. 
Hungiry:  also  in  beds  of  gypsum,  rock  salt,  as  nt  Bex,  Switzerl  md,  I«^hl  Austria.  Lune- 
berg.  Hrmnover;  sometimes  fills  cavities  in  fossils,  e.g.,  ammonites;  with  sulphur  in  some 
volcanic  recrions  as  at  Girgenti,  Sicily. 

Specimens,  finely  crystallized,  of  a  bluish  tint,  are  found  in  limefitone  about  Lake 
Huron,  particularly  on  Dnmimond  Island,  alsr>  on  Strontian  Is.,  Put  in  Bay.  L.  Erie,  and 
at  Kingston  in  Ontario,  Canada:  Chaumont  Bay.  L  Ontario.  Schoharie,  and  Locknort, 
N.  Y.  A  blue  fibrous  oelestite  occurs  at  Bell's  Mills,  Blair  Co  ,  Penn.  In  Mineral  Ca, 
W.  Virginia,  a  few  miles  south  of  Cumberland,  Md..  in  pymmidal  blue  crystals.    In  Texi% 
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at  Lampasas,  large  crystals.  Witb  colemanite  at  Death  Valley,  8an  Bernardino  Co^ 
Calif orata.  in  Canada,  in  crystalline  masses  at  E^ingston,  Frontenac  Co.;  Lansdowni^ 
Leeds  Co. ;  iu  radiating  fibrous  masses  in  the  Laurentian  of  Renfrew  Co. 

Named  from  eoUettts,  eeleitial,  in  allusion  to  the  faint  shades  of  blue  often  present. 


AMQLBSITB.    Bleivitriol,  Yitriolbleierz  Germ. 
Orthorhombic.    Axes  i:h:i  =  0*7852  : 1 :  1*2894. 


968. 


969. 


970. 


mm'",  110  A  lIO  =  76*  16^' 
d,       001  A  104  =  22*  19'. 


ed,  001  A  102  =  89'  28'. 
CO,  001  A  Oil  =  52*  12'. 


Orystals  sometimes  tabular  I  c;  more  often  prismatic  in  habit,  and  in  all  the 
three  axial  directions,  m,  d,  o,  predominating  in  the  different  cases;  pyramid^ 
of  yaried  types.     Also  massive^  granular  to  compact;  stalactitic;  nodular. 

Oleayage:  c,  m  distinct,  but  interrupted.  Fracture  conchoidal.  Very 
brittle.  M.  =  2*75-3.  G.  =  6'3-6*39.  Luster  highly  adamantine  in  some 
specimens,  in  others  inclining  to  resinous  and  vitreous.  Color  white,  tinged 
yellow,  gray,  green,  and  sometimes  blue.  Streak  nncolored.  Transparent  to 
opaque.  Optically  +.  Ax.  pi.  J  J.  Bx  J.  a.  2H^  =  89**  52',  Dx.  Indices 
measured  by  Arzruni: 


a 

P 

r 

2V 

2V  (caU 

For  C  at  20' 
D     •• 

1-86981 
1-87709 
1-89549 

1-87502 
1-88226 
1-90097 

1*88680 
1-89365 
1-91268 

75*24' 

68* 

Dat   60* 

"    100* 
'*     200* 

1-87636 
1-87529 
1-87260 

1-88166 
1-88080 
187883 

1-89281 
1-89184 

1  -88754 

77*40' 
82*44' 

89' ir 

691* 
72* 

77* 

Comp. — Lead  sulphate,  PbSO^  =  Sulphur  trioxide  26*4,  lead  oxide  73*6  = 
100. 

Pyr.,  etc. — B.B.  decrepitates,  fuses  In  the  flame  of  a  candle  (F.  =  1*5).  On  charcoal 
in  O.F.  fuses  to  a  clear  pearl,  which  on  cooliDg  becomes  milk-white;  in  R.F.  is  reduced 
with  effervesceDce  to  metallic  lead.  With  soda  on  chnrcoal  in  R.F.  gives  metallic  lead, 
and  the  soda  is  absorbed  by  the  coal.     Difficultly  soluble  in  nitric  acid. 

X>i£F. — Characterized  by  high  specific  gravity  adamantine  luster;  cleavage;  and  by  yield- 
ing lead  B.B.    Cerussite  effervesces  in  nitric  acid. 

Obs.— A  result  of  the  decomposition  of  galena,  and  often  found  in  its  cavities;  also 
surrounds  a  nucleus  of  galena  in  concentric  layers.  Fii-st  found  in  England  nt  Pary's 
mine  in  Anglesea;  at  Lcfldhills;  in  Derbyshire  and  in  Cumberland  in  crystals;  Clausthal, 
in  the  Harz;  near  Siegen  in  Prussia;  Schapbach  and  Badenweiler  in  Baden;  FelsOb&nva 
and  elsewhere  in  Hungnrv;  Nerchinsk,  Siberia:  and  at  Monte  Poni,  Sardinia;  Oranaaa: 
massive  In  Siberia,  Andalusia;  in  Australia,  whence  it  is  exported  to  England.  In  the 
Sierra  Moja'ia.  Mexico,  in  immense  quantities  mostly  massive. 

In  the  Uiiiti*d  States  in  crystals  at  Wheatley's  mine,  Phenixville,  Pa.;  in  Missouri  lead 
mines;  in  ctystals  of  varied  habit  at  the  Mountain  View  mine,  Carroll  Co.,  Maryland.    lo 
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CfjhonAfj  1  Tenons  pofntt.  bot  ks  eoamoB  than  etrmmft.  At  tbe  CeriD  Gordo  wiiei  of 
C«lif'>rsi»  iftrsreD^iferoai  ff^^^oM  ,  viifa  ocIkt  lead  miBcrmk.  !■  AraoBa*  la  tke  minei  of 
tLe  CftAt.e  l^tjoo:  'ilitnct.  i  az&A  Co.,  and  efaewbere. 

f r^m  tne  \«jcLr,j,  AcgleMa.  where  it  was  fint  foond. 


Orthorhombic.    Axes  dihii^  0-5933  :  1 : 1-0008. 

«m'Mio/  iio  =  8r3r  j*".  oii  a  oil  =  so*  r 

rr^,       101  /.  i'Jl  =  »•  3/  £a,   010  a  HI  s'  5«"  ly 

Tvina:  1,  tw.  pi.  </  (012);  2,  r  (101)  occadonallj  u  tw.  Uunellie.    Crretah 
971.  not    common,   thick    tabnlar. 

^^-  alao  prismaiic  |  axis  i.     Usn- 

allj  massive,  clearable,  fibrous, 
lamellar^  granular,  and  some- 
times impalpable. 

Cleavage:  in  the  three  pin- 
^2  \  r\l     &coi^al<)irectionsTieIdingrect- 

angnlar  fragments  but  with 
Tarring  ease,  thus,  e  very  per- 
fect; h  also  perfect;  a  some- 
what less  so.  Fracture  Bneveii, 
971,  972,  Staisfurt,  Hbg.     973,  Aussee,  Id.  sometimes    splintenr.     Brittle. 

HL  =  3-3-5.  G.  =  2S99-2-985. 
Lnster:  c  pearly,  especially  after  heating  in  a  closed  tnbe;  a  somewhat  greasy, 
b  vitreous;  in  massive  varieties,  vitreous  inclining  to  pearly.  Color  white, 
eometimes  a  grayish,  bluish,  or  reddish  tinge;  also  brick-red."  Streak  gravi^ll 
white.     Optically  -p.     An.  pi.  \h.     Bi  J.  a.    t'K,  =  70.     /J  =  1-576. 

Var.  —1.  Ordinarjf.  (a\  CrystiiLized;  r-rj-M.-i.s  rare,  inr>re  commonly  maariTc  and  clciiv. 
ftble  in  ifs  tijree  rectaugular  direrrtknis.  (6i  Fibrous;  either  pnrmllel.  nuiiated  or  pliinii»i«. 
ici  Fine  granu  ar.  fd)  Scaly  /punular.  YulpiniU  isascniv  griDular  kind  from  Vulpiuo 
in  ly^iiiirarrJy;  it  Ls  cut  aud  ;i^/i:sl.e<l  for  oruaii.entai  puri<ose«.  A  kind  Id  coDtorte«i  concre- 
tionary formi^  i5  the  tripectone  i 0e^fr4*tein  or  S^hl'triffeHalabatUr). 
2.  J*$eiidomorphou$  /  in  cubes  after  rock-salt. 

Coup. — Anhvdrous  calcium  sulphate,  CaSO^  =  Sulphur  trioxide  58-8,  lime 
41-2  =  100. 

Pyr  ,  etc  — B.B.  fuses  at  3.  colr^nni:  the  flame  re-idish  yellow,  and  yielding  an  enauicl- 
Vkt:  bend  Dirhich  reacts  nikaline.  On  ciiarcoal  in  R.F.  reduced  to  a  sulphide;  wiib  fo<U 
d^^ji  i;ot  fu^^  to  H  clear  globule,  and  is  not  alis<»fl»e»l  by  the  coal  like  barite;  is,  howevir. 
derr;rfip"«ed.  jmd  yields  a  ui:is<  A*hich  blackens  silver.     Solubie  iu  hydrocbloric  a<  id. 

Diff.— Chnnic'erized  by  its  cleavage  in  three  rectangular  directions  (paeudo-cubic  in 
fl'p'-'-' .:  harder  tlian  cyp«>uni;  does  m  X  efferresce  with  acids  like  tbe  carbouatea. 

Ohn.  —  f)ffMrfi  in  rorks  of  rarious  ncres.  especially  in  limestone  strata,  and  often  the  same 
that  rontjiiii  i-rdinary  gypsum,  and  aNo  very  coii:monly  in  beds  of  rock-salt;  at  llie  sail 
n  iiM-  n*fir  Hal)  in  T\rf»l;  of  Bex,  Swiizt-rland  :  at  Aussec,  crystallized  and  massive; 
Lnn*biirL'.  Hannover;  Kapnik  in  Hungarr;  Wieliczka  in  Poland :"l8cbl  in  Upper  Austria; 
}if:rf'hu'^-j:n\eu  in  Bavaria;  Stassfurt,  in  fine  crystals,  embedded  in  kieserite;  in  cavities  in 
lava  at  Sant'.rin. 

In  Hie  U.  States,  at  Lockport.  X.  Y..  fine  blue,  in  geodes  of  black  limestone,  with  calcitc 
and  gypsum;  in  limestone  at  Nashville.  Tenn.,  etc.  In  Nova  Scotia  it  forms  extensive 
bed**. 

Anhydrite  by  absorption  of  moisture  changes  to  gypsum.  Extensive  beds  are  some- 
times ilins  altered  in  part  or  throughout,  as  at  Bex.  in  Switzerland,  where,  by  digging 
down  ftO  to  100  ft.,  the  unaltered  anhydrite  may  be  found.  Sometimes  specimens  of 
anhvdrite  arc  altered  between  the  folia  or  over  the  exterior. 

Zinkoaite.    ZnSO«.    Reported  as  occurring  at  a  mine  in  the  Sierra  Almsgrera,  Spain. 

Hydrocyanite.  CuSO«.  Found  at  Vesuvius  as  a  pale  greeu  to  blue  IncnisCatloQ  after 
the  eruption  of  1868. 
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OROOOITB.    Bothbleierz,  Qerm. 
Monoclinia    Axes  d  :  i  :  (! :  =  0-9603  : 1 :  0-915S;  fi  =  77^  33'. 


m«i»"M10AliO  =  86M9'. 
ek,       001  A  101  =  49*  82'. 


W.  Ill  A  lil  =  W  W. 
ct,  001  A  111  =  46*  58'. 


974. 


Crystals  usually  prismatic^  habit  varied.  Also  imperfectly 
oolamnar  and  granular. 

Cleavage:  m  rather  distinct;  c,  a  less  so.  Fracture  small  con- 
choidal  to  uneven.  Sectile.  H.  =  2-5-3.  G.  =  5-9-61.  Luster 
adamantine  to  vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.    Translucent. 

Comp.— Lead  chromate,  PbCrO^  =  Chromium  trioxide  31*1, 
lead  protoxide  68-9  =  100. 

Pyr.,  etc. — lu  the  closed  tube  decrepitates,  blackens,  but  recovers  its 
origiutil  color  on  cooling.     B.B.  fuses  at  1*5,  and  on  charcoal  is  reduced  to 
metallic  lead  with  deflagration,  leaving  a  residue  of  chromium  oxide,  and  giving  h  lend 
coating.    With  salt  of  phosphorus  eives  an  emernld-green  bead  in  both  flames. 

Obs. — First  found  at  Berezov,  in  crystals  in  quartz  veins;  also  at  Mursinka  and  near 
Nizhni  Tagilsk  in  the  Ural;  in  Brazil,  at  Congonhas  do  Campo;  at  Rezb&nya  in  Hungary. 
Moldawa  in  Hungary;  on  Luzon,  one  of  the  Philippines;  from  Tasmania;  in  the  Vulture 
district,  Maricopa  Ck>.,  Arizona. 

The  name  CroeoUe  is  from  Kp6Ko?,  saffron, 

PhcBnicoohroite.  Phoenicite.  A  basic  lead  chromate,  3Pb0.2CrOi.  In  crystals  and 
massive.    Color  between  cochineal-  and  hyacinth-red.    From  Berezov  in  the  Ural. 

Vanquelinite.  A  phospho-chromate  of  lead,  perhaps  2(Pb,Cu)Cr04.(Pb,Cu)sP,Os.  In 
crystals;  also  mammillary  and  reniform.  Color  green  to  brown.  From  Berezov  in  the 
Ural. 


Sulphates  with  Chlorides,  Carbonates,  etc.— In  part  hydrous. 


Monoclinic.    Axes  h:%:d  =  1-7476  :  1  :  2-2154;  /?  =  89^  48'. 


mm"\  110  A  ilO  =  130'  27. 
tw,       001  A  IC^  =    5r  36'. 


ex,  001  A  111  =  68*  31'. 
cm,  001  A  110  =  89'  54'. 


Twins:  tw.  pi.  m,  analogous  to  aragonite.     Crystals  commonly  tabular  J  c. 

Cleavage:  c  very  perfect;  a  in  traces.  Fracture  conchoidal,  scarcely 
observable.  Rather  sectile.  H.  =  2*5.  6.  =  6'26-6'44.  Luster  of  c  pearly, 
other  parts  resinous,  somewhat  adamantine.  Color  white,  passing  into  yellow, 
green,  or  gray.    Streak  uncolored.    Transparent  to  translucent. 

Comp. — Sulphato-carbonate  of  lead,  perhaps  4PbO.SO,.2CO,.H,0=Sulphur 
trioxide  7-4,  carbon  dioxide  8*2,  lead  oxide  82*7,  water  1*7  =  100. 

Pyr..  etc.— B.B.  intumesces,  fuses  nt  15.  and  turns  yellow;  but  becomes  wbite  on 
cooling.  Easily  reduced  on  charcoal.  With  soda  affords  the  reaction  for  sulphuric  acid. 
Effervesces  briskly  in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved.  Yields  water 
iu  the  closed  tube. 

Oba  — Pound  at  Leadhills,  with  other  ores  of  lead:  Red  Gill.  Cumberland:  at  Matlock, 
Derbyshire.  From  the  Main  Calzetta  lead  mine  near  Iglesias,  Sardinia  (maxite).  Observed 
from  Arizona,  at  the  Bchulz  gold  mine  with  wulfenite,  vanadinite,  cerussite;  partly  altered 
to  cerussite. 

SusAKmTB.  Regarded  at  one  time  as  rhombohedral  and  dimorphous  with  leadhillite, 
Imt  probably  only  a  modification  of  that  species.  From  the  Susanna  mine,  Leadhills,  in 
SootlaDd. 
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Snlphohalite.  8Na,SO«.2NaCL  In  pale  greenish  yellow  dodeciliedroDt.  From  Bonz 
lake,  San  Bernardino  Co.,  Cal. 

CancoUte.  Perhaps  PbvOH)Cl.Na,80«.  As  a  ciyBtalline  incnistatioo.  Colorless 
From  Aucama. 

Kainite.  MgSO«.ECl  -f  3H,0.  Usually  granolar  maariTe  and  in  cmHa.  Color  white 
to  dark  liesh-red.    From  Stassf  urt;  Ealusz,  Cmlicia. 

Connallite.  Probably  Cu,>'Cl,0H>«S0,..15H,0.  Ciystala  slender,  hezagosal  prisms 
(Fig.  201,  p.  69).    Color  fine  blue.    FrcMn  Cornwall 

SpangoUte.  A  highly  basic  sulphate  of  aluminium  and  copper,  Co«AIClSOi«.9HsO.  In 
dark  green  hexagoniQ  crystals  (hemimorpbic).  tabular  or  short  prismatic  From  the  neigh- 
borhood of  Tombstone,  Arizona. 

Hankiit^.  9Xa«SO«.2Xa«COs.KC1.  In  hexagonal  prisms,  short  prismatic  to  Ubular; 
also  in  quartzoids  (Figs.  202,  203,  p.  68).  Color  white  to  yellow.  Fhxn  Boimx  Lake,  San 
Bernardino  Co.,  California;  also  from  Death  Valley.  Inyo  Co. 


B.  Acid  and  Basic  Sulphates. 


Bfiaenite.    Probably  acid  potassium  sulphate,  HESO«.    In  silky  fiben  of  a  white  ookv. 
From  Cape  Misene,  near  Naples. 


BROCHAMTITE. 

Orthorhombic.     Axes  a  :h:i  =  0*7739  : 1  :  0-487L 

In  groups  of  prismatic  acicular  crystals  (mm'"  =  75^  280  ^^^  drosy  crnsts; 
massive  with  reniform  structure. 

Cleavage :  b  very  perfect ;  m  in  traces.  Fracture  aneTeiu  H.  ^  3'5-4. 
G.  =  3*907.  Luster  vitreous:  a  little  pearly  on  the  cleaTage-face  6.  Color 
emerald-green,  blackish  green.    Streak  paler  sreen.  Transparent  to  translncent 

Coap.— A  basic  sulphate  of  copper.  C«S0,.3CuiOH),  or  4CnOJSO,.3H,0  = 
Siiiihur  trioxide  17  7,  cupric  oiide  70-3,  watvr  12  0  =  100. 

Pyr..  etc.— Yields  water,  and  at  a  higher  teirperstare  sulphuric  acid,  in  the  closed  tube, 
anii  beci^mes  Mack.  B  B.  fu<«^.  ai:d  od^ charcoal  affords  metallic  copper.  With  soda  gives 
the  rea«;t:oD  for  sulphuric  aci-i. 

Obs— Occurs  in  I  he  Ur.k'.:  the  ki>ni?fne  for  h-ni^te)  was  from  GnmesheTsk;  near 
Ro::^*hter-  G\\\.  \v.  Cumberland;  \r.  Cornwall  rn  part  ^tarit^tonite'^'.  at  Kezb£nja;  in  small 
be*^  at  Krrsiv'?  :□  Iceland  kris*AT'>iuy  in  Mexico  (^fwl^artfa<  :  AtacmnuL  In  the 
V.  S^atf^.  a:  Monarch  mine.  Chaffee  Co..  Colorado:  in  Utah,  Tintic  district,  at  the  Mam- 
moth mine. 

Lanarkite.  R\5:c  lead  $u!rha*e.  PN^O*.  In  monoclinTC  crystals.  CtAot  greenish 
wl.i>.  pale  v^r-w  or  eniv.     Fr  ni  LeadLilU,  Scotland:  Siberia:  the  Han. 

Dolerophanite.     A   t<i5ic  copric    sriTnhate.   CuiSO»i?).     In   small  brown   moooclinic 

cry5*.A's.     Fr  m  Vesivius  /  rupt:on  rf  IS^-S  . 

Caledcnile      A  his  c  s-Zp-  :i:e  of  ^a.i  a-.i  copper,  perhaps  2(Pb,Cu^0.S0..H,0.    In 

cT.i!'  prNrr.-:'c  cv?:  ..:>.     C  '^r  lierp  Terdii:r:s-cTe«n  or  bluish  green.     From  Lcadhills; 
Rei  Gir.  Cur.ber'.n  i.  etc.:  Trvo  C.\.  Cal. 

Linarite.  A  Iv^sv  s:!  hne  .  f  :^.i  ard  o^PPer,  Pb.Cu  SO,.<Pb.Cn>0H),.  In  deep 
^■*  *»  rr.  .r.ocl:n:c  crysa's.  Fror.:  L<.aih:!*j.  Cumberland;  the  Ural,  etc  Also  Injo  Co., 
L:i.::  n::a. 

Antt  frttf.     Ptrhirs  5C  iSO*  7C-:  OH  ,.     In  light  creen  soft  lumpa^    Fhnn  the  Antler 
m'.-ie.  M -have  C> ,  Arizor  v. 


AlamLuL    Perhaps  A:«0«.eSO,.    White  crj-sralline   or  massive.    Siena  Alnagrcra, 

Spain. 


SULPHATES,  CHBOHATES,  BTO. 


C  Normal  Hydrous  Sulphates. 


Three  veil-characterized  groups  are  included  here.  Two  of  these,  the 
Epsohite  Qboup  and  the  Melantehite  Group,  have  the  same  general 
formula,  RSO  4- ?H,0,  but  in  the  first  the  crystallization  is  orthorhombic, 
in  the  second  monoclinic-  The  species  are  best  known  from  the  artiQcial 
crjstals  of  the  laboratory;  the  native  minerals  are  rarely  crystallized.  Tiiere 
is  also  the  isometric  Aluh  Gboup,  to  which  the  same  remark  is  applicable. 


e  of  Lu  Piedras, 


MUtABUJTI).     aiuuber  B>.lt. 

Monoclinic.  Crystals  like  pyroxene  in  habit  and  angle.  Usually  in 
efflorescent  cmsts. 

CleaTage:  rt  perfect;  c,  ft,  in  traces.  H.  =  1*5-2.  G.  =  1'4SI.  Luster 
vitreous.  Color  white.  Transparent  to  opaque.  Taete  cool,  then  feebly 
•aline  and  bitter. 

Conp. — Hydrous  sodium  sulphate,  NajSO, +10H,0  =  Snlphur  trioxide 
24-8,  soda  19-3,  water  55-9  =  100. 

Pyr.,  otc— Id  the  cloaed  tubt  much  water;  give*  nn  fnten»e  yellow  lo  tbe  Bnme.  Very 
soluble  iQ  witter.     Low*  Its  wnter  on  eipoaure  to  dry  air  aud  falls  to  powder. 

Oba.— Occur*  at  laclil.  HalUlndt.  and  Auisee  In  Upper  Auslria:  also  Id  HuDjcary, 
Swilzerlaod,  Italv;  at  tbe  liot  sprluga  at  Ciirl-bad.  etc.  Lai-se  guantitiea  of  this  sodiiiDi 
■ulpbate  are  oblalued  from  tbe  waters  of  Great  Salt  Lake.  Ututi. 

ElMMit«.  MgBOi  +  H,0.  Usually  mamlve,  Kranular  to  compact.  Color  white, 
grtTlah,  yellowlab.     From  StUBrurt:  Hallstadi;  India. 

BmlUto.    HdSO.  +  H|0.    Btalactiilc.    WbitUb,  reddish.    From  FelsOb&nya,  Hun- 

ffwy 


OVPSUM. 

Vonoclinic.    Axes  ti:$:i:  =  0-6E 
mm'",  110  A  ll0  =  68'80'. 

cd,     001  A 101  =  as-  ir. 

et.       001  A  Itl  =  88°   8('. 

M,     001  A  108  =  11'' as*. 

mf.      on  A  oil  =  44'  17J'. 


II.  m  A  111  =  86*  12*. 
nn',  ill  A  111  =  41*20'. 
ml.  UOa  U\  =49-  V. 
mn,  UOa  III  =  60°  IS". 


97«. 


977. 


^iZ^ 


^ 


Gryitals  nniallT  simple  in  habit,  common  form  flattened  I  &  or  prismatic  to 
icicnlar  |  i;   again  prismatic  by  extension  of  I  (III).    Also  lenticnlar  by 
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rounding  of  1  (111)  and  e  (T03).  The  form  e  (l03),  whose  faces  are  nsnallj 
rough  and  convex,  Is  nearly  at  right  angles  to  the  Tertical  axis  <edge  m  ^m'"  )', 
hence  li^e  apparent  hemimorphic  character  of  the  twin  (Fig.  979).  Simple 
crjsuls  often  with  warped  as  well  as  cnrved  surfaces.  Also  foliated  massive; 
lamellar  stellate;  often  granular  massive:  and  sometimes  nearly  impalpable. 
Twins:  tw.  pi.  a,  very  common,  often  the  familiar  swallow-tail  twins. 

Cleavage:  b  eminent,  yielding  easijy  thin  polished  folia;  a  (100),  giving  a 
surface  with  conchoidal  fracture;  n  (Uli,  with  a  fibrous  fracture  |  /  <I01):  a 
cleavage  fragment  has  the  rhombic  form  of  Fig.  549,  p.  2'2'2,  with  plane  an- 
gles of  66-  and  114'.  H.=  1-5-2.  G.=  2*314-2-328,  when  m  pure  crystals.  Lus- 
ter of  b  pearly  and  shininz,  other  faces  snbvitreous.  Massive  Tarieties  often 
glistening,  sometimes  dull  earthy.  Color  usually  white:  sometimes  gray, 
flesh-red,,  honey-yellow,  ocher-yellow,  blue:  impure  varieties  often  black, 
brown,  red,  or  reddish  brown.     Streak  white.     Transparent  to  opaque. 

Optically  -r-  Ax.  pi.  J  b,  and  Bx  A  <^  =  —  524=  (at  9-4=  C),  (cf.  Figs.  549, 
550.  p.  2221'.  Dispersion  p  >  r;  also  inclined  strong.  Bx,  A  Bx^i  =  0"  30'. 
2E,  =  05'  14'  at  20\  ftj  =  1-5226,  y -- a  =  0W9.  On  the  effect  of  heat 
on  the  optical  properties,  see  p.  225. 

Var.— 1.  Cryttalliud.  cr  SeleniU;  colorless,  transparent:  in  distinct  cryitals.  or  broad 
folia,  often  large.  Usually  flrxible  and  yielding  a  fibrous  fracture  |  <  (iOl),  but  the  Tmriety 
from  MoDtmartre  rather  brittle. 

2  FSfrous;  coarse  or  fine.  Called  Satin  »par,  when  fine-fibrous,  with  pearly  opal- 
escence. 

3.  yfamve;  Alaboiier.  a  fine-grained  rariety.  white  or  delicately  shaded:  earthy  or  rodfc- 
ffypium.  a  diili-co;ored  rock,  often  impure  with  clay,  calcium  carbonate  or  silica. 

Alio,  in  cares,  curious  curved  forms,  often  grouped  in  rosettes  and  other  sliapes. 

CoBp.— Hvdrons  calcinm  sulphate,  CaSO^  -j-  2H,0  =  Sulphur  trioxide 
46-6,  lime  32-5,  water  20-9  =  100. 

Pyr..  etc.— In  The  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  8*5-^. 
co'ioring  the  tiame  reddish  yellow.  For  other  reactions  see  Axhtdrtte.  p  5^.  Iznited 
at  a  temperature  not  exceeding  2€0'  C.  it  again  combines  with  water  when  moistened,  and 
beconjes  finn!y  solid.     Soluble  in  hydrochloric  acid,  and  aUo  in  400  to  500  parts  uf  water. 

DiflL— riiaVac:erize<i  by  its  softness  in  all  varieties,  and  by  cleavages  in  crystallized  kinds: 
ii  rJi>es  not  effervesce  wi*h  acids  like  calcite.  nor  gelatinize  like  the  zeolites;  harder  than  talc 
and  yields  much  water  in  the  tube. 

dbv.— G-.  p«iim  often  forms  extensive  bed«  in  connection  with  various  stratified  mcks, 
esp-cinilv  lime^'ones.  and  marlitcs  or  clay  beis.  It  occurs  occasionally  in  crystalline 
rock*,  it  i«  aI«o  a  product  of  volcanr>t-s.  occurring  about  fumaroles.  or  where 'sulphur 
ga^^  are  e^cap-nir.  being  formeii  f'om  the  sulphuric  acid  generated,  and  the  lime  afforded 
by  !':.e  d*cnmp<*sine  lavas.  It  is  a's<^  pnxluced  by  the  decomposition  of  pvrite  when  lime 
i«  present.  Gy;s:im  is  also  deponiteti  on  the  evAp^:>nt:on  of  sea-water  and  briuea.  in  which 
it  e.xi-ls  in  -r»V;!'>n. 

F::.e  speijrr.-ns  irr  found  in  the  sa!l  mines  of  B<:\  in  Switzerland:  Hall  in  Tyrol;  the 
su:j-b:ir  ii:in»-«!  -.f  Sicily:  in  xhf  clay  of  Sb'-»ii^ver  nill.  near  Oxford:  and  large  lenticular 
crvit.ils  rit  M  'T-'mrirtre.  rear  Pari*!  A  n^ieil  !iva'i:v  of  alabasier  occurs  at  Castelino. 
35   Hi,    f-«ni    L-iTli-  n..  whvLce   it   is  taken   ••!  Florence  f-.r  the  manufacture   of  vases, 

u,  1  :r-  :r:  •=^.\ien>!ve  '^•i'l  in  several  of  the  Unite*'.  S?ate«.  and  more  particularTv  X.  York, 
Ct'i.'.i}  I  ;■•  •■!•..  V  rjinia  Tonnos.-ier,  and  Arkansr.s.  aiid  is  usually  associated  with  salt 
s;r:nr-.  ?•.  *-■  'Jvi'h  r-'i^k  v'*!*.     A'<o  o*:  a  larcc  stale  in  Nova  Scotia,  etc. 

Il-iti  i-i-.::.'.'  ieVr.iie  nn-i  '*ii.wy  iryp-ium  o  c  :r  in  A".  Tori;  near  Li>ckport  in  limestone. 
I-  .Vf-»/.i'.'.'  I'.rjf:-  -r  ■irHvi  .Ty-rals'on  :ht-  >:.  Marv's  in  rl:iv.  In  Ohio,  large  transparent 
crv-TiN  i,  -vc  '-.  c  f.^  :r  \  a:  F.:'s•.v.^r•.h  -w.^i  C\-fv\d  Trr.mV.uV.  Co.  In  Tents.,  setenite  nnd 
nriS-is"' r  in  D;ivi:<*^i:  Co.  l-  Ke'.t'i'vy.  ir.  MaiRnu»*.h  Cave,  it  has  the  forms  of  rosettes, 
r.r  n>wtrs.  virus,  and  shiuM^ry  A  ?•»  oi^mmon  in  iso  .aTed  crystals  and  masses,  in  the 
i^r'tac^-'M*  clays  ;u  the  westrr!^  U.  S.  In  ei!ormi'»us  crystals,  several  feet  in  length,  in 
Wayne  Co..  U  ah.  In  -V.  SfotU.  in  Sussex.  Kinr«  Co..  larce  single  and  grouped  crystah, 
Mrhich  mostly  contain  much  symmetrically  disseminated  sand. 
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Named  from  yvipo^,  the  Greek  for  the  mineral,  but  more  especially  for  the  ea/ctn«cf  min- 
eral. The  deriyation  ordinarily  suggested,  from  yr},  earth,  and  eifeir,  to  cook,  corresponds 
with  this,  the  most  common  use  of  the  word  among  the  Greeks. 

Burnt  gypsum  is  called  Plcuier- of -Paris,  because  the  Hontmartre  gypsum  quarries,  near 
Paris,  are,  and  have  long  been,  famous  for  affording  it.  * 

neaite.  (Mn,Zn,Fe)SO«  +  4HsO.  In  loosely  adherent  aggregates.  Color  clear  greea. 
From  Colorado. 


Epsomite  Group.     ESO,  +  7H,0.     Orthorhombic. 

Spiomite  MgSO,  +  7H,0  d:h:d  =  09902  : 1  :  05709 

(Fe,Mg)SO,  +  7H.0 
Oodaritc  ZnSO,  +  7H,0  09807  :  1 :  0-5631 

Ferro-goslarite        (Zn,Fe)  SO.  +  7H,0 
Morenoiite  NiSO«  +  7H,0  0*9816 : 1 :  0*5655 

BP80BSITXI.    Epsom  Salt. 

Orthorhombic.  Usually  in  botryoidal  masses  and  delicately  fibrous  crusts. 
Cleavage:  b  very  perfect.  Fracture  conchoidal.  H.  =  2-0-2*5.  G.  =  1*751. 
Luster  vitreous  to  earthy.  Streak  and  color  white.  Transparent  to  trans- 
lucent.    Taste  bitter  and  saline. 

Comp. — Hydrous  magnesium  sulphate,  MgSO.  +  7H,0  =  Sulphur  trioxide 
32-5,  magnesia  16  3,  water  51*2  =  100. 

Oba. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom, 
England,  and  at  Sedlitz  and  Saidschitz  (or  Saidschatz)  in  Bohemia.  At  Idria  in  Caruiola 
it  occurs  in  silky  fibers,  and  is  hence  called  hairsalt  by  the  workmen.  Also  obtained  at  the 
gypsum  quarries  of  Montmartre,  near  Paris.  Also  found  at  Vesuvius,  at  the  eruptions  uf 
1850  and  1855. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  minc:led  with  the  earth.  In  the 
Mammoth  Cave,  Ey. ,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Qoalarite.  ZnS04  +  THiO.  Commonly  massive.  Color  white,  reddish,  yellowish. 
Formed  by  the  decomposition  of  sphalerite,  and  found  in  the  passages  of  mines,  as  at  the 
Bammelsberg  mine  near  Goslur,  in  the  Harz,  etc.  In  Montana  nt  the  Gagnon  mine, 
Butte.  Forro-goUarite  (4*9  p.  c.  FeS04)  occurs  with  sphalerite  at  Webb  City,  Jasper  Co., 
Missouri. 

Morenoaite.  NiS04+7HsO.  In  aclcular  crystals;  also  fibrous,  ns  an  efflorescence. 
Color  apple- green  to  greenish  white.  A  result  of  the  alteration  of  nickel  ores,  as  near 
Cape  Horte^^,  in  Galicia;  Riechelsdorf,  in  Hesse,  etc. 


Xelanterite 

Lnckite 
Kallardite 
Piwnite 
Ueberite 

Melanterite  Group.    RSO,  +  7H,0.    Monoclinic. 

FeSO,  +  7H,0     &:h:d  =  11828  : 1  :  15427    /3  =  75°  J4 

(Fe,Mn)SO«  +  7H,0 

MnSO.  +  7H,0 

(Fe,Cii)SO,  +  7H,0              1-1609  : 1  :  1  5110           74°  38' 

CoSO«  +  7H,0                       1-1815  : 1 : 1-5326            '5°  20' 

Cupromagnesite  (Ca,Mg)SO.  +  7H,0 
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Chalcanthite  CuSO,  +  5H,0  Triclinio 

df :  5  :  <5  =  0-6656  :  1  :  05507;  a  =  82**  21',  fi  =  73^  11',  y  =  77^  37' 

'  •  The  species  here  included  are  the  ordinary  vitriols.  They  are  identical  in 
general  formula  with  the  species  of  the  Epsomite  group,  and  are  regarded  as 
the  same  compound  essentially  under  oblique  crystallization.  The  copper 
sulphate  diverges  from  the  others  in  crystallization,  and  contains  but  5 
of  water. 

BCBLANTBRim.    Copperas. 

Monoclinic.  Usually  capillary,  fibrous,  stalactitic,  and  concretionary; 
also  massive,  pulverulent.  Cleavage:  c  perfect;  m  less  so.  Fracture  con- 
choidal.  Brittle.  H.  =2.  G.  =  1 '89-1  90.  Luster  vitreous.  Color,  various 
shades  of  ^reen,  passing  into  white;  becoming  yellowish  on  exposure. 
Streak  uncolored.  Subtrausparent  to  translucent.  Taste  sweetish,  astringent, 
and  metallic. 

Comp. — Hydrous  ferrous  sulphate,  FeSO^  +  7H,0  =  Sulphur  trioxide28*8, 

iron  protoxide  25*9,  water  45*3  =  100.     Manganese  and  magnesium  sometimes 

replace  part  of  the  iron. 

Obs. — Proceeds  from  the  decomposition  of  pyrite  or  marcaaite;  thus  near  Goslar  in  the 
Harz;  Bodenmais  in  Bavaria;  Falun,  Sweden,  and  elsewhere.  Usually  accompanies  pyrite 
in  tbe  U.  States,  as  an  eRlorescence.  Luekite  (1*9  p.  c.  MnO)  is  from  the  "Locky  Boy" 
mine,  Butterfield  Caiion,  Utah. 

Mallardite.  MuSO«  +  7HiO.  Fibrous,  massive;  colorless.  From  the  mine  "Lucky 
Boy,"  south  of  Salt  Lake,  Utah. 

Piaanite.  rFe.Cu)S04  +  7HsO.  CuO  10  to  15  p.  c.  In  concretionary  and  stalactitic 
forms.    Color  blue.     From  Turkey. 

Salvadoritb.  a  copper-iron  vitriol  near  pisanlte.  From  the  Salvador  mine 
QuetcuA,  Chili. 

Bieberite.  C0SO4  +  THsO.  Usually  in  stalactites  and  crusts.  Color  flesh-  and  rose- 
red.    From  Bieber,  in  Hesse,  etc.     CupromtignesiU  is  from  Vesuvius. 


OHALOANTUITB.    Blue  Vitriol.     Eupfervitriol  Oerm, 

Triclinic.  Crystals  commonly  flattened  1  jt?  (Ill)  (Figs.  339-341,  p.  109). 
Occurs  also  massive,  stalactitic,  reniform,  sometimes  with  fibrous  structure. 

Cleavage:  if,  m,  p  imperfect.  Fracture  conchoidal.  Brittle.  H.  =  2*5. 
G.  =  212-2  30.  Luster  vitreous.  Color  Berlin-blue  to  sky-blue,  of  diflFerent 
shades;  sometimes  a  little  greenish.  Streak  uncolored.  Subtrausparent  to 
translucent.     Taste  metallic  2»nd  nauseous. 

Comp.— Hydrous  cupric  sulphate,  CuSO^  +  5H,0  =  Sulphur  trioxide  32*1, 
cupric  oxide  31-8,  water  36-1  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphur  tri- 
oxide B.B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for 
cop|>er.  Soluble  in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  with 
metullic  copper. 

Obs.— Found  in  waters  issuing  from  mines  and  in  connection  with  rocks  cootaiDtng 
chalcopyrite,  by  the  alteration  of  which  it  is  formed;  thus  at  the  Rammelsberg  mine  near 
Ooslar  ill  the  Harz:  Falun  in  Sweden;  Parys  mine,  Anglesea;  at  various  mines  in  Ca  of 
Wicklow;  Rio  Tinto  mine.  Spain.  From  the  Hiwnssee  copper  mine,  also  in  large  quan- 
tities at  other  mines,  in  Polk  Co.,  Tennessee.  In  Arizona,  near  Clifton,  Graham  Co.,  and 
Jerome,  Yavapai  Co. 

Syngenite.  Ealuszite.  CaSO^.KsSOi  +  HsO.  In  prismatic  (monodiiilc)  Cfyrtals. 
Colorless  or  milky-white.    From  Kalusz,  Galicia. 
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Zidw«lte.  MgS04.Nat804  +  2iHsO.  Massive,  cleavable.  Color  pale  yellow.  From 
Ischly  Austria. 

B15dlte.  Mg804.NnsSO«  +  4H9O.  Crystals  short  prismatic,  monoclinic;  also  massive 
granular  or  compact.  Colorless  to  greeoisb,  yellowish,  red.  From  the  salt  miues  of  Iscbl ; 
at  Hallstadt  {iimonyite);  at  8tassfurt;  the  salt  lakes  of  Astrakhan  {astrakanUe),  Asia;  India,* 
Chili,  etc. 

Leonite.  MgS04.EsS04  +  4HsO.  In  monoclinic  crystals  from  Westeregeln  and  Leo- 
poldshall,  Germany. 

Bousaingaaltite.    (NH4)<S04.MgS04  +  6H9O.    From  the  boric  acid  lagoons,  Tuscany. 

Picromerite.  MgS04.E9S04  + 6HtO.  As  a  while  crystalline  incrustation.  From 
Vesuvius  with  eyanoeftroiU,  an  isomorphous  species  in  which  copper  replaces  the  mag- 
nesium.   Also  at  Stassfurt  (sehoenite);  at  Aschersleben ;  Golusz  in  ii^t  Galicia. 

PoiyhaUte.  2CaS04.MgS04.EiS04  +  2H9O.  Usually  in  compact  fibrous  or  lamellar 
masses.  Color  flesh-  or  brick-red.  Occurs  at  the  mines  of  Ischl,  Hallstadt,  etc,  in  Aus- 
tria; Berchtesgaden,  Bavaria;  Stassfurt. 


Alum  Group.    Isometric. 


BA1(S0,),  +  12H,0  or  E.S0..A1.(S0 J.  +  24H,0. 

KaUnite  Potash  Alum  KA1(S0J.  +  12H.0 

Twhermigite  Ammonia  Alum  (NHJA1(S0J,  +  12H,0 

Mendozite  Soda  Alum  NaAl(SOJ,  +  12H,0 

The  Aluhs  proper  are  isometric  in  crystallization  and^  chemically,  are 
hydrous  sulphates  of  aluminium  with  an  alkali  metal  and  12  {i.e.,  if  the  for- 
mula is  doubled,  24)  molecules  of  water.  The  species  here  included  occur 
very  sparingly  in  nature,  and  are  best  known  in  artificial  form  in  the 
laboratory. 

The  Halotrichites  are  oblique  in  crystallization,  very  commonly  fibrous 
in  structure,  and  are  hydrous  sulphates  of  aluminium  with  magnesium,  mang- 
anese, etc.;  the  amount  of  water  in  some  cases  is  given  as  22  molecules,  and  m 
others  24,  but  it  is  not  always  easy  to  decide  between  the  two.     Here  belong: 

Pickmingite.    Magnesia  Alum.     MgSO^  Al2(S04)i  +  22H20.     In  long  fibrous  masses; 
and  in  efflorescences. 

Halotrichlto.    Iron   Alum.     FeSO4.AU  S04)i  +  24H,0.     In  yellowish  silky  fibrous 
forms. 

ADjohnlte.       Manganese    Alum.       MnS04A1s(S04)i  +  24H«0.       Biishmanite   con- 
tains MgO.     In  fibrous  or  nsbcstiform  masses;  also  as  crusts  and  efflorescences. 

DietriohiU.    (Zn.Fe.Mn^SO*.  Al,(804).  +  22tl,0. 

Mabbitb.    a  fibrous  alum  from  Egypt  supposed  to  contain  a  new  element,  masrium. 


Ooqnlmblte.  Pca^SOi)!  4- 9H,0.  Rhombobedral.  Gmnulnr  massive.  Color  white, 
yellowish,  brownish.   From  the  Tierra  Amarilla  near  Copiapo.  Chili  (not  from  Coquimbo.) 

Qneiiatedtite.  Fe,(804)i  +  10H,O.  In  reddish  tabular  crystals.  With  coqnimb- 
!t«  Chili. 

IhlSite.  Fe,^804)i  +  12HiO?  An  orange  yellow  efflorescence  on  graphite.  From 
Mncran.  Bohemia. 

Atanottm.  Ali'804)»  -f  18H,0.  Usuallv  in  delicate  fibrous  masses  or  crusts;  massive. 
Color  white,  or  tinged  with  yellow  or  red.  From  near  BIlin,  Bohemia;  Bodenmals;  Pugter* 
thai,  TyroL 
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Xrdhnkito.  CuS04.Ns,804  +  2H,0.  Massive,  coarsely  fibrous.  Color  asore-blae. 
From  Caluma,  Atacaiua. 

PHILI.JF1TE.  Perhaps  CuS04.Fe,(S04)t  +  nHtO.  In  blue  fibrous  masses.  Chili,  Found 
at  the  copper  miues  iu  the  Cordilleras  of  Coudes,  province  of  Santiago,  Chili. 

Ferronatrite.  3Na,S04.Fe,(S04)t  +  6HsO.  Rarely  in  acicular  crystals;  usually  hi 
spherical  forms.  Color  greenish  or  gray  to  white.  From  Sierra  Gorda  near  Caracoles. 
Chili. 

Rdmerite.  Perhaps  FeS04.Fe,(S04)s  -f-  12HsO.  Iu  tabular  crystals;  granular,  nkassfre. 
Color  chesuut- brown.    From  Goslar  iu  the  Harz;  Persia,  ChilL 


Basic  Hydrous  Sulphates. 

Langite.  Near  brochantite.  CuS04.8Cu(OH)s  +  H,0.  Ususlly  in  fibro-lamellar, 
concretionary  crusts.     Color  blue  to  greenish  blue.     From  Cornwall. 

Herrengrundite.  2(CuOH)9S04.Cu(OHia  -f  8H3O  with  one-fifth  of  the  copper  replaced 
by  calcium.  In  thiu  tubular  crystals;  usually  iu  spherical  groups.  Color  emerald-green, 
bluish  green.     Froui  Uerrengruud.  Hungary. 

Kamarezite.     A  hydrous  basic  copper  sulphate  from  Laurion,  Qreece. 

Cyanotrichite.  Lettsomite.  Perhaps  4CuO.Al30t.SOi.8H,0.  In  velvet-like  druses;  ui 
spherioil  forms.  Color  bright  blue.  From  Moldawu  iu  the  Banat;  Cap  Garonne,  France. 
In  Utah  and  Arizcma. 

Serpierite.  A  basic  sulphate  of  copper  and  zinc.  In  minute  crystals,  tabular,  in  tufta. 
Color  bluish  green.     From  Laurion,  Greece. 


COPIAPITE. 

Monoclinic.  Usually  in  loose  aggregations  of  crystalline  scales,  or  granular 
massive;  incrusting. 

Cleavage:  6(010).  H.  =  25.  G.  =  2-103.  Luster  pearly.  Color  sulphur- 
yellow,  citron-yellow.     Translucent. 

Comp.— A  basic  ferric  sulphate,  perhaps  2Fe,0,.5SO,.18H,0  =  Sulphur 
trioxide  38-3,  iron  sesquioxide  30'6,  water  31*1  =  100. 

Mi$y  is  an  old  term,  which  has  been  sonievrhat  vaguely  applied.  It  seems  to  belong  in 
part  here  and  injparl  also  to  other  related  species. 

Pyr.,  etc.— Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal 
becomes  magnetic,  and  with  soda  affords  the  reaction  for  sulphuric  acid.  With  the  fluxes 
reacts  for  iron.     Soluble  in  water,  and  decomposed  by  boiling  water. 

Obs.— The  original  copiapite  was  from  Copiapo,  Chili. 

Other  hydrated  ferric  sulphates: 

Castanite.     Fe,0,  2flOa.8HaO.     Color  chestnut  brown.     From  Sierra  Gorda.  Chili. 
Utahlte.     8Fe70,.280,.7HaO.     In  aggregates  of  fine    scales.     Color  oningc-yellow 
From  the  Tintic  distr..  Utah. 

Amarantite.  FesOj.2SOi.7H,0  Usually  in  columnar  or  bladed  masses,  also  radiated. 
Color  amaranth-red.  From  near  Caracoles.  Chili.  HoftmanniU  is  the  same  partUilly 
altered;  this  is  probnbly  nlso  true  of  paposiU. 

Fibroferrite.  Fe«Oj.2aOi.l0H3O.  In  del icntely  fibrous  aggregates.  Color  pale  yellow, 
nearly  white.     From  the  Tiemi  Amarilla  near  Copiapo,  Chili. 

Raimondite.  2FeaOs.3803  7HaO.  In  thin  six-sided  tables.  Color  between  honey-  and 
ocher-yellow.     From  the  tin  mines  of  Ehrenfriedersilorf  ;  mines  of  Bolivia. 

Oarphosiderite.  3FeaOa.4SO3.10HaO.  In  reniform  masses,  and  incrustations;  nlso  in 
micaceous  lamellfle.     Color  straw  yellow.     From  Grecnlnnd. 

aiockerite.  2Fei,Oi.SOi.6H20.  Massive,  sparrv  or  enrtliv:  stalactltic.  Color  brown 
to  ocher-yellow  to  pitch  black;  dull  green.     From  Goslar  and  Modum. 

Knozvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  iron,  and  aluminium.  In 
rhombic  plates.  Color  greenish  yellow.  From  the  Redington  mercury  mine,  Enoxyilla^ 
California. 
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Rbdinotonitb.  a  hydrous  chromium  sulphate,  iu  finely  fibrous  masses  of  a  pale 
purple  color.    Same  locality  as  kuoxvillite. 

Oypmsite.  Perhaps  7Fe,Os.AlaOi.l0SOs.l4H,O.  An  aggregatiou  of  microscopic 
crystals.     Color  yellowidh.     From  the  islaud  of  Cyprus. 

Aluminite  (Websterite).  AlaOt.SO«.9HsO.  Usually  iu  white  earthy  reuiform  masses^ 
compact.     From  near  Halle,  in  clay;  also  at  Newhnven,  Sussex,  and  ekewhere. 

Paraluminite.     Near  alumiDite.  but  supposed  to  be  2AisOs.SOs.l5UsO. 

Fel8dban3rite.  2AlaOa.SOi.lOHsO.  Massive;  io  scaly  coucretious.  Color  snow-white* 
Fn>in  near  FelsObauya,  Hungary. 

Botryogen.  Perhaps  MgO.FeO.FeaOs  4SOs.l8H;0.  Usually  in  reuiform  and  botryoidal 
shapes.     Color  deep  hyacinth-red,  ocher-yeliow.     From  Falun,  Sweden;  also  from  Persia. 

Sideronatrite.  2Na,O.FesOi  4SOs.7H30.  Fibrous,  massive.  Color  yellow.  From  the 
province  of  Tarapac4,  Chili.  Also  on  the  Urus  plateau,  near  Sarakaya,  on  the  island, 
Chelekeu,  in  the  Caspian  Sea  (urusits). 

Voltaite.  Perhaps  5(K,,Fe)O.2(Al,Fe),O,.10SO,.15H,O.  In  octahedrons,  etc.  Color 
dull  oil-green  to  bro.vu  or  black.     From  the  solfutara  near  Naples;  also  Persia. 

MeUvoltine.  Perhaps  5(K3.Na,,Fe)0.dFeaOi.l2SOi.l8H30.  In  aggregates  of  minute 
yellow  scales.    Occurs  with  voltaite  in  Peraia. 

ALOHVm,    Alumstone.     Alauustein. 

Rliombohedral.  Axis  6  =  1*2520.  In  rhombohedrons,  resembling  cubes 
(rr'  =  90°  50').  Also  massive^  having  a  fibrous,  granular,  or  impalpable 
texture. 

Cleavage:  c  distinct;  r  in  traces.  Fracture  flat  conchoidal,  uneven;  of 
massive  varieties  splintery;  and  sometimes  earthy.  Brittle.  H.  =  3 •5-4.  G. 
=  2'58-2*752.  Luster  of  r  vitreous,  basal  plane  somewhat  pearly.  Color  white, 
sometimes  grayish  or  reddish.  Streak  white.  Transparent  to  subtranslucent! 
Optically  positive. 

Comp.— Hydrous  sulphate  of  aluminium  and  potassium,  K,0.3A1,0,.4S0,. 
6H,0  =  Sulphur  trioxide  38*6,  alumina  37*0.  potash  11*4,  water  13  0  =  100. 
The  formula  may  be  written  K(A10),(S0J,  +  3H,. 

P3rr.,  etc.— B.B.  decrepitates,  and  is  infusible.  In  the  closed  tube  yields  water,  some- 
times also  ammonium  sulphate,  and  at  a  higher  temperature  sulphurous  and  sulphuric 
oxides.  Heated  with  cobalt  solution  affords  a  fine  blue  color.  With  soda  and  charcoal 
infusible,  but  yields  a  hepatic  mass.     Soluble  in  sulphuric  acid. 

Obi.— Forms  seams  in  trachytic  and  allied  rocks,  where  it  has  been  formed  as  a  result 
of  the  alteration  of  the  rock  by  means  of  sulphurous  vapors:  as  at  Tolfa,  near  Civita 
Veccliia;  in  Hunjjary;  on  Milo.  Grecian  Archipelago;  at  Mt.  Dore,  France.  In  the  U.  8., 
associated  with  diaspore,  in  rhombohedral  crystals,  tabular  through  the  presence  of  c  ((KX)1) 

at  the  Rosita  Hills,  Custer  Co.,  Colorado. 

« 

JAROSITB.    Qelbeisenerz. 

Bhombohedral.  Axis  d  =  1*2492;  rr'  =  90*"  45',  cr  =  55**  16'.  Often  in 
druses  of  minute  crystals;  also  fibrous,  granular  massive;  in  nodules,  or  as  an 
incrustation. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  25-3  5.  G.  =  315- 
3*26  cryst.  Luster  vitreous  to  subadamantine ;  brilliant,  also  dull.  Color 
ocher-yellow,  yellowish  brown,  clove-brown.     Streak  vellow,  shining. 

Comp.— K,0.3Fe,0,  4SO,.6H,0  =:  Sulphur  trioxide  31-9,  iron  sesquioxide 
47-9^ota8h  9*4,  water  108  =  100.  The  formula  may  be  written  K(FeP),(SO,), 
-f-  3H,0« 

Ob*.— The  original  Qelbeisenerz  was  from  Luschitz.  between  Kolcsomk  and  Bilin, 
Bohemia,  In  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.    The Jarosite  was 
from  Barranco  Jaroso,  in  the  Sierra  Almagrera.  Spain:  also  from  other  points.    In  the  U.  S. 
on  qaarU  in  the  Vulture  mine,  Arizona;  in  Chaffee  County,  Col.;  Tintic  district,  Utah.     ' 
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lidwigito.    Perbape  KsO.3AltOt.4SOt.9HtO.    lu  rounded  masaeB,  similar  to  compact 
alonite.    Found  in  a  coal  bed  at  Tabrze  in  Upper  Sileda;  also  with  alunite  at  Tolfa. 

Bttringite.    Perhaps  6CaO.AltOt.3SOt.33H,0.    In  minute  colorless  acicular  crystals. 
From  limestoueincluftions  in  lava,  near  Mayen,  Rhenish  Prussia. 

Qnet«nite.    MgO.FetOtSSOt.lSHtO.    Hussive,  in  indistinct  crystals.     Color  reddish 
brown.     From  Quelenm,  Chili. 

Zincaluminite.    2ZnS04.4Zu(OH)t.6Al(OH)t  +  5H,0.    In   minute  hexagonal    plates. 
Color  white,  bluish.    From  Laurion,  Greece. 

Johannite.    A  hydrous  sulphate  of  uranium  and  copper.    In  druses  or  reniform  masses 
of  a  green  color.     From  Joachimsthal. 

Uranopilite.     Perhaps  CaUtStOti.25HtO.    In  velvety  incrustations;    yellow.     From 
Johanngeorgenstadt. 

Zippeite,  wgUanite,  uraeonUe  are  uncertain  uranium  sulphates,  also  from  Joachimsthal. 


Tellurates;  also  Tellurites,  Selenites. 

Montanite.     BitOt.TeOt.2HtO.    In  earthy  incrustations;  yellowish  to  white.     From 
Highland,  Montana,  with  tetradymite. 

Emmonsita.    Probably  a  hydrated  ferric  tellurite.    In  thin  yellow-greeo  scales.     From 
near  Tombstone,  Arizona. 

Dnrdenita.     Hydrous  ferric  tellurite,  Fet(TeOt)t  +  4HtO.      In   small  nmromillary 
forms;  greenbh  yellow.    Honduras. 


Ohaloomenita.    Hydrous  cupric  selenlte,  CuSeOt  +  2HtO.    In  small  blue  monoclinic 
crystals.     From  the  Cerro  de  Cachenta,  Argentina,  with  silver,  copper  selenides. 

MoLTBDOMKNiTK  is  lead  selenite  and  Cobaltomknitb  probably  cobalt  telenite,  from 
the  same  locality  as  chalcomenite. 
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Oxygen  Salts. 

7.    TUNGSTATES,  MOIiTBDATES. 

The  monoclinio  Wolframite  Group  and  the  tetragonal  Scheelite  Group  are 
included  here. 


Wolframite 
HUbnerite 


Wolframite  Group. 

(Fe,Mn)WO,         d  :  ^  :  (5  =  08300  :  1  :  08678 
MnWO,  0 8362  :  1  :  08668 


fi  =  89°  22' 

89**  7i' 


WOLFRABHTB.    Wolfram. 
Monoclinic.    Axes:  A  :  i  :  <5  =  0  8300  :  1  :  0-8678;  fi  =  89**  22'. 

mm'",  110  A  liO  =  79"  23'.       ay\  100  a  102  =  62''  54'.  580. 

a<.        100  A  102  =  er  54'.       g\  Oil  a  Oil  =  8r  54'. 

Twins:  (1)  tw.  axis  b  with  a  as  comp.-face;  (2)  tw. 

fl.  h  (023),  Fig.  419,  p.  130.  Crystals  commonly  tabular 
a;  also  prismatic.  Faces  in  prismatic  zone  vertically 
striated.  Often  bladed,  lamellar,  coarse  divergent 
columnar,  granular. 

Cleavage  :  h  very  perfect;  also  parting  \  a,  and 
I  ^  (102).  Fracture  uneven.  Brittle.  H.  =  5-55. 
G.  =  7*2-7'5.  Luster  snbmetallic.  Color  dark  gi-ayish 
or  brownish  black.  Streak  nearly  black.  Opaque. 
Sometimes  weakly  magnetic. 

Comp.,  Yar.— Tnngstate  of  iron  and  manganese  (Fe,Mn)WO,.Fe  :  Mn  = 
chiefly  4  :  1  (FeO  18-9,  MnO  4-7  p.  c.)  and  2  :  3  (FeO  9  5,  MnO  14-0). 

Pyr.,  etc.— Fuses  B.B  easily  (P.  =  2  5-8)  lo  tx  glolmie,  wbicli  lias  a  crystalline  surface 
and  is  magnetic.  With  salt  of  pbosphoriis  gives  a  clear  reddish  yellow  glass  while  hot, 
which  is  paler  on  cooling;  in  H.F  becomes  dark  red;  on  charcoal  with  tin,  if  not  loo 
saturated,  the  bead  assumes  on  coolini?  a  green  color,  which  continued  treatment  in  R  F. 
changes  to  reddish  yellow.  With  soda  and  niter  on  platinum  foil  fuses  to  n  bluish  grceu 
mancpiQate.  Decomposed  by  aqua  regia  with  separation  of  tungstic  acid  ns  a  yellow 
powder.  Sufflcieotly  decomposed  by  concentrated  sulphuric  acid,  or  even  hydrochloric 
acid,  to  give  a  colorless  solution,  which,  tieated  with  metallic  zinc,  becomes  intensely  blue, 
but  soon  bleaches  on  dilution 

OIm. — Wolframite  is  often  associated  with  tin  ores;  also  in  qnartx,  with  native  bismuth, 
scheelite,  pyrite,  galena,  sphalerite,  etc.  In  fine  crystals  at  Schhickenwald.  Zinnwald; 
Bchoeeberg,  Freiberg,  Altenberg;  at  Nerchinsk,  Siberia;  Chanteloup,  near  Limoges, 
France:  near  Redruth  and  elsewhere  in  Cornwall  with  tin  ores.  In  S.  America,  at  Oruro 
in  Bolivia.    With  tin  stone  at  various  points  in  New  South  Wales. 

In  the  U.  States  at  Lane's  mine.  Monroe.  Conn.;  Flowe  mine,  Mecklenburg  Co.,  N.  C, 
with  icbaelite;  in  Missouri,  near  Mine  la  Motte. 

HIlteflKito.  Near  wolframite,  but  containing  20  to  25  p.  c.  MnO.  Usually  in  bladed 
fonna,  rarely  in  distinct  tenninated  crystals.    Color  brownish  red  to  hair-brown  to  nearly 
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black.  Streak  yellowish  brown,  greeniih  mj.  Often  translucent.  Mammoth  dist, 
Nevada;  Ouiaj  County,  Col.;  near  Silverton,  San  Juan  Ca;  Black  Hills,  a  Dakota,  etc 
Also  in  Peru,  and  In  rhodochrosite  at  Aderrielle  in  the  Pyreneea. 


Seheelite 
Cnprotnngftite 

Gnproscheelite 
Powellite 
Stolxite 
Wnlfenite 


Seheelite  Group.  TetragoD'al-pyTamidaL 

CaWO,  fip'  (111  A  111)  =  79**  55*'    i  =  15360 

CaWO, 

{Ca,Cn)WO, 

Ca{Mo,W)0,  80^    1' 

PbWO,  80^  15' 

PbMoO,  80^  22' 


i 
i 
t 


1*5445 
1-5667 
1-5771 


The  ScHEELiTE  Oboup  inclades  the  tangstates  and  molybdatea  of  calcium 
and  lead ;  also  copper.  In  crystallization  they  belong  to  the  Pyramidal  Group 
of  the  Tetragonal  System.     Wnlfenite  is  probably  hemimorphic 


SOHSEUTE. 

Tetragonal-pyramidaL     Axis  6  =:  1*5356. 


«•,  101  A  Oil 

cd.  001  A  101 


981. 


72*  404'. 
56*56'. 

982. 


»/.  Ill  A  ill 

ep,   001  A  ill 
983. 


7»*55i'. 
66*  16i'. 


986. 


foiiiis:    <?(102),    e(lOl),    ft{\\Z),    |)(111),    A  (515),    ^(313),     •,(131). 

Twins:  (I)  tw.  pi.  a,  both  contact-  and  penetration-twins  (Pig.  378, 
p.  125).  Habit  octahedral,  also  tabular.  Symmetry  shown  by  faces  t,h,s 
(Fig.  983).     Also  reuiform  with  columnar  structure;  massive  granular. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.  Fracture  uneven. 
Brittle.  H.  =  4-5-5.  G.  =  5-9-61.  Luster  vitreous,  inclining  to  adamantine. 
€olor  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish.  Streak 
white.  Transparent  to  translucent.  Optically  +.  Indices:  ov  =  1'918. 
c,  =  1  934. 

Comp.— Calcium  tungstate,  CaWO^  =  Tungsten  trioxide  80*6,  lime  19*4 
=  100. 

Motybdeuum  is  usually  prcseDt  (to  8  p.  c).  Copper  may  replace  calcium,  sea  capro- 
sclieelite. 

Pyr.,  etc.— B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent  glass.  Soluble  with 
1>ornx  to  a  transparent  glass,  which  afterward. becomes  opaque  and  crjrMalHue.  With  salt 
of  phospliorus  forms  a  glass,  colorless  in  outer  flame,  In  inner  green  when  hot,  and  flue 
blue  wlieu  cold ;  varieties  containing  iron  require  to  be  treated  oo  charooal  with  tin  before 
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the  blue  color  appears.  In  hydrochloric  or  nitric  acid  decomposed,  leaving  a  yellow 
powder  soluble  in  ammonia. 

Obe. — Scbeelite  is  usually  associated  with  crystalline  rocks,  and  is  commonly  found  in 
connection  with  cassiterite,  topaz,  flnorite,  apatite,  molybdenite,  or  wolframite,  in  quartz; 
also  associated  with  gold.  Thus  at  Schlackeuwald  and  Ziunwald,  Bohemia:  Altenber^, 
Saxony;  Kiesengniud  in  the  Rieseugebirge;  the  Kuappenwand  in  the  Uutei-sulzbachthal, 
Tyrol;  Currock  Fells  in  Cumberland;  Traversella  in  Piedmont;  Meynmc,  Corr^ze,  France 
(containing  TnsOt):  Sweden;  Pitkftranta  in  Finland.  In  New  South  Wales,  at  Adelong, 
from  a  gold  mine;  New  Zealand,  massive;  Mt.  Kamsay,  Tasmnnia,  wilh  cassiterite. 

In  the  U.  Stales,  at  Lune's  Mine,  Monroe,  and  at  Trumbull:  Flowe  mine.  Mecklenburg 
Co.,  N.  Carolina;  the  Mammoth  mining  district,  Nevada;  wilh  ^old  at  the  Charity  mine, 
Warren's,  Idaho;  Lake  Co.,  Colonido.  In  quartz  veins  in  Risborough  and  Mario w, 
Beauce  county.  Quebec. 

Ouprotungstite.  Cupric  tungstate,  CUWO4.  From  the  copper  mines  of  Llamuco,  near 
Santiago,  Cbili.  Cupboschbelite,  from  the  vicinity  of  La  Paz,  Lower  California,  is 
(Ca,Cu)W04,  with  6  8  p.  c.  CuO;  color  green. 

Powellite.  Calcium  molybdate  with  calcium  tungftnte  (10  p.  c.  WOt),  Ca(Mo,W)04. 
In  minute  yellow  tetragonal  pyramids.  G.  =  4  849.  From  western  Idaho;  Houghton 
Co..  Mich. 

Stolzite.  Lead  tungstate,  PbWOf.  In  pyramidal  tetragonal  crystals.  H.  =  2*75-3. 
G.  =  7'87-8'13.     Color  green  to  gray  or  brown.    Zinnwald. 

Raspite.  Has  the  same  composition  as  stolzite,  but  is  referred  to  the  monoclinic 
system.  In  small  tabular  crystals.  Color  brownish  yellow.  From  the  Broken  Hill  mines, 
New  South  Wales. 


WULFENTTE.     Gelbbleierz,  Molybdftnbleispath,  Oirm, 
Tetragonal-pyramidal;  hemimorphic.    Axis  (5  =  1*5 771. 


986. 


988. 


989. 


987. 


eu,    001  A  102  =  88''  15' 
ce,     001  A  101 
en,    001  A  111 


57^*3'^ 


=  65' 


51'. 


uu\  102  A  012  =  5r  56'. 
etf,  101  A  Oil  =  73**  20*. 
nn\  111  A  ill  =80"  22*. 


Crystals  commonly  square  tabular,  sometimes  extremely  thin;  less  fre- 
qnentlv  octahedral;  also  prismatic.  Hemimorphisra  sometimes  distinct. 
Also  jj^ranularly  massive,  coarse  or  fine,  firmly  cohesive. 

Cleavaofe:  n  (111)  very  smooth;  c,  5  (113)  less  distinct.  Fracture  subcon- 
choidal.  Brittle.  H.  =  2'75-3.  G.  =  6*7-7*0.  Luster  resinous  or  adaman- 
tine. Color  wax-  to  orange-yellow,  siskin-  and  olive-green,  yellowish  gray, 
grayish  white  to  nearly  colorless,  brown;  also  orange  to  bright  red.  Streak 
white.  Subtransparent  to  subtranslucent.  Optically  negative.  Indices: 
a?r  =  2-402,  6r  =  2-304. 

Conp.— Lead  molybdate,  PbMoO^  =  Molybdenum  trioxide  39*3,  lead  oxide 
60*7  =  100.    Calcium  sometimes  replaces  the  lead. 
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P3rr.,  etc. — B.B.  decrepitates  and  fuses  below  2.  Witb  salt  of  phosphonis  in  O.F.  ^ves 
a  yellowisb-^reeD  glass,  wbicb  in  R.F.  becomes  dark  green.  Witb  soda  on  cbarcoal  yields 
metallic  lead.  Decomposed  on  evaporation  witb  bydrocbloric  acid,  witb  Uie  formauon  of 
lead  cbloride  and  molybdic  oxide;  ou  moisteninK  tbe  residue  witb  water  and  adding 
metallic  zinc,  it  gives  au  intense  blue  color,  wbicb  does  not  fade  ou  dilution  of  tbe  liquid. 

Obs. — Occurs  in  veins  with  other  ores  of  lead.  At  BleibiTg,  Carintbia;  Rezbanya, 
Hungary:  Pribram;  Moldawa  in  tbe  Banat;  Annaberg,  Scbneeberg,  etc. 

In  the  U.  States,  sptiringly  at  tbe  Southampton  bad  mine,  Mass.,  and  near  Sing  Sing, 
K.  T.;  near  Plienixville,  Pa. ;  at  tbe  Comstock  loiie  in  Nevada;  in  large  thin  orange-yellow 
tables  at  ihe  Tecomah  mine,  Utah.  In  New  Mexico,  pale  yellow  crystals  in  the  Organ 
Hts.  In  Arizona,  large  deep  red  crystals  at  the  Hamburg  and  other  mines,  Yiima  Co., 
often  with  red  vanadiuite:  also  at  tbe  Castle  Dome  district,  80  miles  distant;  at  tbe  Alum- 
moth  gold  mine  near  Oracle.  Pinal  Co.,  with  vuuiidinite  and  descloizite. 

Named  after  the  Austrian  mineralogist  WOlfen  (1728-1805). 


Reinite.    Ferrous  tungstate,  FeW04.    In  blackish-brown  tetragonal  pyramids,  perhaps 
pseudomorphous.     H.  =  4.    G.  =  6*64.     Eimbosnn,  Japan. 

Belonesite.    Perhaps  MgMo04.     In  minute  acicular  crystals  at  Vesuvius. 


Vn.    SALTS  OF  ORGANIO  AOIDS. 
Oxalates,  Mellates. 

Whewellite.  Calcium  oxalate,  CaCs04  -}-  H,0.  In  small  colorless  monoclinic  crys- 
tals.    From  Saxony,  with  coal. 

Ozammite.  Ammonium  oxalate,  (NH4)8C«04  -f  2Hs0.  From  tbe  guano  of  the 
Guafiape  Islands,  Peru. 

Hnmboldtine.  Hydrous  ferrous  oxalate,  2FeC904  -f-  8HsO.  Color  yellow.  From 
near  Bilin.  Bohemia. 

Mellite.  Hydrous  aluminium  mellate,  AIsCisOn  -f  18HaO.  In  square  pyramids;  also 
massive,  granular.  G.  =  l-55-l*66.  Color  honey-yellow.  Occurs  in  brown*  coal  in  Thu- 
riugia,  Bohemia,  etc. 
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Vm.    HTDROOARBON  OOMFOUNDS. 

The  Hydrocarbon  compoands  in  general,  with  few  exceptions,  are  noi  homogeneous 
nUmtaneet,  but  mixiures,  which  by  the  action  of  solvents  or  by  fractional  distillation  may 
be  separated  into  two  or  more  component  parts.  Tbcy  are  hence  not  definite  mineral  spe- 
cies and  do  not  strictly  belong  to  pure  Mineralogy,  ratber,  with  the  recent  gums  and  resins, 
to  Cbemistry  or,  so  far  as  tbey  are  of  practical  vnlue,  to  Economic  Qeology.  In  the  follow- 
ing pages  they  are  treated  for  the  most  part  with  great  brevity. 


1.  Simple  Hydrocarbons.  Chiefly  members  of  the  Paraffin  Series  GJl^^  + ,« 

SoHEBKBRiTB.  lu  wbitish  monocllnlc  crystals.  Perbaps  a  polymer  of  marsb-gas 
(CH4).     Found  in  brown  coal  at  Uznacb,  Switzerland. 

Hatchettite.    Mountain  Tullow.    In  tbin  plates,  or  massive.    Like  soft  wax.     Color 

Sellowisb.    liatio  of  C  to  U  =  nearly  1  :  1.    From  tbe  Coal-measures  near  Merthyr-Tydvil 
I  Qlamorgansbire,  Eugland. 
Pabaffin.    a  native  crystallized  paraffin  bas  been  described  as  occurring  in  cavities 
in  basaltic  lava  near  Paterno,  Sicily. 

OzocBBiTB.  Mineral  wax  pt.  Like  wax  or  spermaceti  in  appearance  and  consistency. 
Colorless  to  wbiie  when  pure;  often  leek-greeti,  yellowisb,  brownish  yellow,  brown. 
Esseiitiully  a  puruffin,  and  consisting  chiefly  of  one  of  the  higher  members  of  the  series. 
Occurs  in  beds  of  coul,  or  associated  bituminous  deposits,  as  at  Slanik,  Moldavia;  Boryslaw 
in  the  Carpathians.     Also  occurs  in  southern  Utah  on  a  large  scale. 

Zietrieikite,  ChriematUe,  Urpethite  are  near  ozocerite. 

FiCHTELiTB.  In  white  monoclinic  tabular  crystals.  Perbaps  C^Hs.  Occurs  in  tbin 
lavera  of  pine  wood  from  peat- beds  near  liedwitz.  in  the  Fichtelgebirge,  Bavaria. 
Hartiie  bas  a  similar  occurrence. 

Napalite.  a  yellow  bituminous  substance  of  tbe  consistency  of  shoemaker's  wax. 
C1H4.    From  the  Phoenix  mercury  mine  in  Pope  Valley,  Nupa  county,  California. 


2.  Oxygenated  Hydrocarbons. 

Amber.  Bernstein,  Oei-m.  In  irregular  masses,  with  concboidal  fracture.  H.  =  2-2*5. 
G.  =  1*098.  Luster  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded,  sometimes  fluorescent.  Transparent  to  translucent.  Heated  to  150"  begins 
to  soften,  and  finally  melts  at  250" -300".     Ratio  for  C.  H,  O  =  40  :  64  :  4. 

Part  of  the  so-called  amber  is  sepanited  niineralogically  as  suerinite  (yielding  succinic 
acid).  Other  related  fossil  resins  from  many  other  regions  (e.  g  ,  tbe  Atlantic  coast  of  tbe 
United  States)  have  been  noted.  Some  of  them  have  been  called  retinite,  gedanite,  glessite, 
rtimdnits,  simetite,  kranUsite,  chematoinite,  etc. 

Amber  occurs  abundantly  on  tbe  Prussian  coast  of  tbe  Baltic  from  Dintzig  to  Memel : 
also  on  tbe  coasts  of  Denmark,  Sweden,  and  the  Russian  Baltic  provinces.  It  is  mined 
extensively,  and  is  also  found  on  the  shores  cast  up  by  the  waves  after  11  heavy  storm. 
Amber  and  the  similar  fossil  resins  are  of  vegetable  origin,  altered  by  fossil iauition  ;  this  is 
inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  ami  from  tlie  occurrence  of 
insects  incased  in  it.  Amber  was  early  known  to  the  ancients,  and  called  rfXeKrfjov, 
eleetrum.  whence,  on  account  of  its  electrical  susceptibilities,  bas  been  derived  the  word 
eUctricUy» 

Cofalitb.  or  Highgate  resin,  is  from  the  London  blue  clay.  It  is  like  tbe  resin  copal  in 
hardness,  color,  luster,  transparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.     Emits  a  resinous  aromatic  odor  when  broken. 

The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposits,  etc.: 

Bathyillitb.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanito  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lands  of  Torbane  Hill,  Bathville,  Scotbind. 
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It  niny  1>e  an  altered  resin,  or  else  material  which  has  filtrated  into  the  caTitj  from  the 
surrounding  torbauite. 

Tasma2(ite.  In  minute  reddish  brown  scales  disseminated  through  a  laminated  shale; 
average  (ii:iiiieier  of  scales  aUmi  003  in.  Not  disi»olTed  at  all  by  alcohol,  ether,  benzene, 
turpentine,  or  carbon  disalphide,  even  when  healed.  Remarkable  as  yielding  5  3  p.  c. 
suIpLur.  From  the  river  Mersey,  north  side  of  Tasmania  ;  the  rock  is  called  eamhuSMi 
shale. 

Dtsodilk.  In  very  thin  folia,  flexible,  slightly  elastic;  yellow  or  greenish  grav. 
An;i1y6is  gave  2-3  p.  c.  sulphur  and  1*7  p.  c.  nitrogen.  From  lignite  deposits  at  lulili, 
Sicily,  uuii  elsewhere. 

G^ocKiiiTE.  A  white,  wax- like  substance,  separated  from  the  brown  coal  of  Gesterwitz, 
near  Welsseufeh.     Gei/myrkiU  and  gtocereUite  are  other  pioducts  from  the  same  source. 

Leucopetrite.  Also  from  the  Gesterwitz  brown  coal.  Between  a  resin  and  wax  in 
physical  characters. 

Ptkoretinite.    From  brown  coal  near  Aussig.  Bohemia. 

DoppLKUiTE.  In  elastic  or  pcirtly  jelly-like  masses:  brownish  black.  An  add  sab> 
stance,  or  mixture  of  different  acids'  related  to  humic  acid.  Ratio  for  C,  H,  O,  nearly 
10  :  12  :  5.     From  yteai  beds  near  Aussee  in  Styria,  etc. 

Idrialite.  Occurs  wi!h  the  cinnaliar  of  Idria.  In  the  purestate  white  and  crystalline 
in  structurtr.  In  nature  fouud  only  impure,  being  mixed  with  cinnabar,  clny.  and  some 
pyriie  aii«l  gy]>sutn  in  a  brow oisli- black  earthy  material,  called,  from  its  combustibility 
and  the  presence  of  meiciiry,  inflammabU  cinnabar  {Queckailberbranderz). 

PosEP^fVTK.     Occurs  in  hard,  briiile  plates  or  nodules,  light  green  in  color.     From  the 
Great  Western  mercury  mine,  Lake  Co.,  California.    See  also  uapalite,  p.  513. 


The  following  are  still  more  complex  native  hydrocarbon  compounds  of  great  importance 
from  an  economic  standpoint. 

Petroleom.  Naphtha;  Petkolecm.  Mineral  oil.  Kerosene.  ErdGl,  Berg6l,  StelnGi, 
Germ. 

PiTTA>puALT:    Maltha.     Mineml  Tar.     Bergtheer  Germ. 

Liqui'is  or  oils,  in  the  crude  state  of  tlisagrt -cable  ixlor;  varying  widely  in  color,  from 
CM!»>rk--  to  ^liirk  yellow  or  brown  and  nt-fir.y  black,  tiie  greenish-brown"  color  the  most 
coniniou:  :ilso  in  (onsistency  from  tiiiu  tiowini;  kinds  to  those  that  are  thick  and  viscous; 
and  in  spetilic  gi-avity  from  06  to  0  9.  Pt'iroieum,  p:o|>er.  p»*ses  by  in>ensible  gradations 
into  piWi*phaltoT  maltha  (viscid  Litumeni;  and  the  latter  as  insensibly  into  <E«/»Aa//orsolid 
bitumen. 

Chemically,  petroleum  consists  for  the  most  part  of  members  of  the  paraffin  series, 
C,.II.,„^,.  vri'ryine  fr«m  m  ir^h  cas.  CH4,  to  lue  solid  forms.  The  olednes,  C«H»»,  are 
al>i'  present  in  smaller  amount.  This  is  especially  true  of  the  American  oils.  Tho^^e  of  the 
Ca'i*  :i^ii«i  i.ave  a  hiirher  lienj^iiy,  the  volatile  constituents  are  less  prominent,  they  distill  at 
ab'.iit  l">o'  am!  contain  the  lienzenes.  CmUsm-*.  in  considerable  amount.  There  are  present 
als-  niemijers  of  tiieserie-i  C'nH..*-..  Tbe  German  iHrtro'.eum  is  intermediate  between  the 
Amerii  an  and  the  Cauc:u?i:in.    The  Canaiiian  |Ktroleum  isespecially  rich  in  the  solid  paraffins. 

Peiro  eum  o<  (■:irs  ill  lorks  or  de|x>si:s  •  f  uexirly  all  ireoJogical  ages,  from  the  Lower 
Sil'iriun  :o  ihe  pre>em  epoeh.  It  is  assix'iaied  most  abund.'intly  with  argillaceous  shales, 
san«i>.  ami  samiMones.  but  is  fouud  also  pernieaiini:  limeMoues,' friviiis  them  a  bituminous 
rnl-.r.  ai.il  ren'leriDu'  'licni  .<4nnetinie>  a  considerable  source  of  oi!.  From  these  oleiferous 
shiNs  >:in<l>  anil  lime-ioues  the  oil  «>ften  exmies,  and  Appears  floating  on  the  streams  or 
lakes  '}i  tiie  reirion,  or  lises  in  oil  springs.  It  als«>  exists  a.>Ilected  in  subterranean  cavities 
in  rcTtiin  n)cks.  whence  it  issues  in  jets  or  fountains  whenever  an  outlet  is  nuide  by  boring. 
The  *ii  wiiirh  fills  the  cavil  ies  has  oniinarily  In  en  derived  from  the  subjacent  rocks;  for 
the  siiTkta  in  which  the  cavities  exist  au-  frequeni.y  barren  sandstones.  The  conditions 
requireti  f'>r  the  production  t^f  s-.:ih  subterranean  accumulatioi.s  would  be  therefore  a  biiu- 
miu«»u-oil  iH-'iiiini:  or  e^si'  oil-prvHlucing  s'nitum  at  a  greater  or  le^  depth  below;  cavities 
to  receive  the  oil:  an  overlyiui:  stmluui  of  dose-graiued  shale  or  limestone,  not  allowing  of 
the  easv  esoa^n?  of  iho  i.aphtha  vapors  * 

The  two  regions  which  now  furnish  the  chief  part  of  the  petroleum  are,  tint  In  Unix>rt* 
ance.  western  Pennsylvania,  wiih  i^ris  of  New  York  and  Ohio,  and.  aeOQiKL  the  Bi^u 
region  on  the  Caspian  Sea,  at  the  e^istern  end  of  the  Caucasus.     The  oil  hat  been  known  to 
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exist  at  the  latter  locality  siDce  early  times,  but  ouly  since  1876  has  its  economic  importance 
been  recognized.  Petroleum  is  also  obtained  in  this  country  in  West  Virginia;  near  Caflon 
City,  Colorado;  and  in  California,  especially  in  Los  Angeles,  Ventura  and  Santa  Cruz 
counties.  Numerous  localities  inhere  it  occurs  in  limited  amount  have  been  noted  in  other 
States.  In  Canada,  oil  is  produced  in  Lumbton  county,  Ontario.  Other  oil-producing 
regions  are  found  in  Burma,  Jupan,iNew  Zealand,  etc. 

Asphaltiun.    Mineral  Pitch.    Asphalt,  Bergpech,  Erdpech,  Germ. 

Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
oxygenated.  Its  ordinary  characters  are  as  follows :  Amorphous.  G.  =  1-1*8;  Home- 
times  higher  from  impurities.  Luster  like  that  of  black  pitch.  Color  brownish  black 
and  blacR.  Odor  bituminous.  Melts  ordinarily  at  90*  to  100**,  and  burns  with  a  bright 
lianie.  Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
monly partly  in  alcohol.  The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral 
tar,  and  through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
aolid  by  the  loss  of  a  Taporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation, 
which  consists  first  in  a  loss  of  hydrogen,  and  finally  in  the  oxygenation  of  a  portion  of  the 
mass.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
analyses,  show  that  the  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  deposits  are 
superficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
ing some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localities 
of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphaltites,  whence  the  most  of  the 
asphaltum  of  ancient  writers;  a  lake  on  Trinidad,  1(  m.  in  circuit,  which  is  hot  at  the 
center,  but  is  solid  and  cold  toward  the  shores,  and  has  its  borders  over  a  breadth  of  f  m. 
covered  with  the  hardened  pitch  with  trees  flourishing  over  it;  at  various  places  in  South 
America;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elatbritb.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
like  india-rubber;  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
Castleton  in  Derbyshire,  and  elsewhere. 

Albbrtite.  Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in 
oil  of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  H.=  1-8.  G.  =  1097. 
Luster  brilliant,  pitch-like;  color  jet-black.  Occure  filling  an  irregular  fissure  in  rocks  of 
the  Lower  Carboniferous  in  Nova  Scotia. 

Gbahamitk.  Resembles  albertite  in  its  pitch-black,  lustrous  appearance.  H.  =  2.  G  = 
1*145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  naphtha  or  benzene;  not  at  nil 
in  alcohol;  whoUy  in  chloroform  and  carbon  disulphide.  Melts  ouly  imperfectly,  and  with 
a  decomposition  of  the  surface.  Occurs  in  W.  Virginia,  about  20  m.  S.  of  Parkersburg, 
filling  a  fissure  in  a  Carboniferous  sandstone. 

UiL80NiTB,also  cal  led  Uintahite  or  Uintaite.  A  variety  of  asphalt  from  near  Ft.  Duchesne, 
Utah,  which  has  found  many  applications  in  the  arts.  Occurs  in  masses  several  inches  in 
diameter,  with  conchoidal  fracture;  very  brittle.  H.  =  2-25;  G.  =  1  065-1 -070.  Color  black, 
brilliant  and  lustrous;  streak  and  powder  a  rich  brown.  Fuses  easily  in  the  flame  of  a 
candle  and  burns  with  a  brilliant  flame,  much  like  sealing-wax.  Named  after  Mr.  S.  H. 
Gilson  of  Salt  Lake  City. 

BSineral  Ooal.  Compact  massive,  without  crjrstalline  structure  or  cleavage;  sometimes 
breaking  with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  structure. 
Sometimes  laminated;  often  faintly  and  delicately  banded,  successive  layers  differing 
slight! V  in  luster.  Fmcture  conchoidal  to  uneven.  Brittle:  rarely  somewhat  sectile. 
H.  =  0*5-2  5.  G.  =  1-1  80.  Luster  dull  to  brilliant,  and  either  earthy,  resinous  or  sub- 
metallic.  Color  black,  grayish  black,  brownish  black,  and  occasionally  iridescent;  also 
sometimes  dark  brown.  Opaque.  Infusible  to  subfusible;  but  often  becoming  a  soft, 
pliant  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford  more  or  less  of 
oily  and  tarry  substances,  which  are  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  partly  (1)  on  the  amount  of  the  volatile  ingredients 
afforded  on  destructive  distillation;  or  (2)  on  the  nature  of  these  volatile  compounds,  for 
ingredients  of  sin^ilar  composition  may  differ  widely  in  volatility,  etc. ;  (3)  on  structure, 
luster  and  other  physical  characters. 

Coal  is  in  general  the  result  of  the  gradual  change  which  has  taken  place  in  geological 
history  in  organic  deposits,  chiefly  vegetable,  and  its  form  and  composition  depend  upon 
the  extent  to  which  this  change  has  gone  on.  Thus  it  passes  from  forms  which  still  retain 
the  original  structure  of  the  wood  (pent,  lignite)  and  through  those  with  less  of  volatile  or 
bituminous  matter  to  anthracite  and  further  to  kinds  which  approach  graphite. 
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1.  Akthkacite.  GlADzkohle  Oerm.  H.  =  2-2-5.  O.  =  1*82-1*7.  Luster  brigbt. 
often  submetallic,  iroo-black.  and  frequently  iridescent.  Frmctore  ooncboidal.  Volatile 
matter  after  drying  3-<S  p.  c.  Burns  witb  a  leeble  Hame  of  a  pale  color.  The  anthracites 
of  Pennsylvania  coutaiu  ordinarily  85-93  per  cent,  of  carbon;  those  of  South  Wales,  88-95; 
of  France,  80-83;  of  Saxony,  81;  of  southern  Russia,  sometimes  94  per  cent.  Anthracite 
graduates  through  senii-auihracite  into  bituminous  coal,  becoming  less  hard  and  contain ing 
more  volatile  mutter;  and  an  intermediate  Tariety  is  cal led /ree-^nun^  anthracite. 

2.  Bituminous  Coal.  Bums  in  the  Are  with  a  yellow,  smoky  flame,  and  gives  out  on 
distillaiiou  hydrocarbon  oils  or  tar;  hence  the  name  Mtcmtn^M.  The  ordinary  bituminous 
coais  contain  from  5-15  p.  c.  (rarely  16  or  17)  of  oxygen  (ash  excluded):  while  the  wi-cailed 
brown  coal  or  lignite  cunttiius  from  20-86  p.  c,  after  the  expulsion,  at  100**.  of  15-8U  p.  c.  of 
water.  The  amount  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  biight, 
pitchy,  greiisy  luster,  a  tiim  compact  texture,  are  rather  fragile  compared  with  imtlimcite, 
and  have  li.  =  1  14-1*40.  The  brown  coals  have  often  a  brownish-black  color,  whence  the 
name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitumin- 
ous coals.  The  ordiuary  bituminous  coal  of  Pennsylvania  has  Q.  =  1-26-1*37;  of  Newcas- 
tle, Eugland,  1-27;  of  Scotland.  1'27-1'32;  of  France.  1*2-1  33;  of  Belgium,  127-1  3.  The 
most  proiniiieut  kinds  are  the  followin|^ : 

{a)  Caking  or  Coking  Coal.  A  bituminous  coal  which  softens  and  becomes  {uisty  or  semi- 
viscici  in  the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition, 
and  is  attended  with  the  escape  of  bubbles  of  gns.  On  increasing  the  heat,  the  volatile 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off, 
and  a  coherent.  gniyi<<h-black,  cellular  or  fritted  muss  (^coke)  is  left.  Au;ount  of  coke  left 
(or  part  not  volatile^  varies  from  50-85  p.  c. 

(b)  Non- Caking  Coal.  Like  the  preceding  iu  all  external  characters,  and  often  in  ulti- 
mate com[>ositiou;  but  burning  freely  without  softening  or  any  appearance  of  incipient 
fusion.     There  are  all  gradations  between  caking  and  non-caking  bituminous  coals. 

(c)  Cannel  Coal  (Parrot  Co:il).  A  variety  of  bituminous  coal,  and  often  caking;  but 
differing  from  the  preceding  iu  texture,  and  to  some  extent  in  comi^osition,  as  shown  by  its 
products  on  distilhition.  It  is  compact,  with  little  or  no  luster,  and  without  any  appearance 
of  a  banded  struciure;  and  it  breaks  with  a  couchoidal  fracture  and  smooth  surface;  color 
dull  black  or  grayish  black.  On  distillation  it  affords,  after  drying,  40  to  66  p.  c.  of  vola- 
tile matter,  and  tlie  material  volatilized  includes  a  large  proportion  of  burning  and  lubri- 
cating oils,  much  larger  than  the  above  kinds  of  bituminous  coal;  whence  it  is  extensively 
used  for  the  uuuiufacture  of  such  oils.  It  grailuatcs  into  oil-producing  coaly  shales,  the 
more  conipact  of  which  it  niiu-h  icsembles.  TorbtiniUU  a  vniiety  of  cannel  coal  of  a  dark 
brown  cofor,  from  Torbane  HiJI,  near  Bathgate.  Sioiland;  also  called  Boghead  Cannel, 

(d)  lirorrn  Coal  (Braunkoble  Germ.,  Lignite*.  The,  prominent  characteristics  of  brown 
coal  have  already  been  mentioned.  They  are  non  caking,  but  iififord  a  large  pn)portion  of 
volatile  matter;  sometimes  pitch-black,  but  often  rather  dull  and  brownish  black.  G.  = 
115-1*3.  Brown  coal  is  often  called  lignit''.  But  this  term  is  sometimes  restricted  to 
masses  of  coal  which  still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  of 
brown  coal,  compact  in  texture,  and  taking  a  good  polish,  whence  its  use  in  Jewelry. 

Coal  occurs  in  beds  inters!  rati  tied  with  shales,  sandstones,  and  conglomerates,  and 
sometimes  limestones,  forming  rli.«stinct  layers  which  var^'  from  a  fraction  of  an  inch  to  2i0 
feet  or  more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany 
range,  iu  rocks  that  have  undergone  great  contortions  and  fracturings,  while  the  bitumin- 
ous coals  are  found  extensively  in  many  Stiitcs  fan  her  west,  in  rocks  that  have  been  less 
disturbed;  and  this  fact  and  other  observations  have  led  tfeologists  to  the  view  that  the 
anthracites  have  lost  their  bitumen  by  the  action  of  heat.  The  o/igiu  of  coal  is  mainly  veg- 
etable, though  animal  life  has  contributed  somewhat  to  the  result.  The  beds  were  once  betls  of 
vegetation,  analogous,  in  most  respects,  in  mode  of  formation  to  t he  pent  beds  of  modem 
times,  yet  in  mode  of  burijd  often  of  a  very  different  character.  This  vegetable  origin  is 
proved  not  only  by  the  occurrence  of  the  leaves,  stems  and  logs  of  plants  in  the  coal,  but 
also  by  the  presence  throughout  its  texture,  in  many  cases,  of  the  forms  of  the  oiigiual 
fil>ers;  ali^o  by  the  direct  observation  that  peat  is  a  transition  state  between  unaltered  vege- 
table debris  and  brown  coal,  bein^  sometunes  found  passing  completely  into  true  brown 
coal.  Petit  differs  from  true  coal  u\  want  of  homogeneity,  it  visibly  containing  vegetable 
fibers  only  partially  altered;  and  wherever  changed  to  a  fine-textured  homogeneous  mate- 
rial, even  though  hardly  consolidated,  it  may  Ik;  true  l)rown  ctml. 

For  an  account  of  the  chief  coal  fields,  asal  o  of  the  geological  relationaof  the  dllfereot 
coal  deposits,  reference  is  made  to  works  on  Economic  Geology. 


APPENDIX   A. 

ON  THE  DRAWING  OF  CRYSTAL  FIGURES  AND 

OF  PROJECTIONS. 


Ik  the  representation  of  crystals  by  drawings,  the  object  may  be  either  to  show  the  entire 
form  in  perspective  or  to  give  simply  a  projection  of  the  faces  upon  a  single  plane.  The  first 
of  these  cases  is  the  more  iinporinnt,  and  must  be  treated  here  in  some  detail.  Two  points 
are  to  be  noted  in  regard  to  it.  In  the  first  place,  in  the  drawings  of  crystals  tbe  point  of 
view  is  supposed  to  be  at  an  infinite  distance,  and  it  follows  from  this  that  all  lines  which 
are  parallel  on  the  crystal  appear  parallel  in  the  drawing. 

In  tbe  second  place,  in  all  ordinary  cases,  it  is  the  complete  ideal  crystal  which  is 
represented,  that  is,  the  crystal  with  its  full  geometrical  symmetry  as  explained  on  pp.  9  to 
11  (cf.  note  on  p.  11). 

Projection  of  the  Axes. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  drawing  of  the 
form  of  the  crystal  itself.  Tbe  prolection  of  the  axes  m  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the 
other  systems,  with  the  exception  of  the  hexagonal,  maybe  obtained  by  varying  the  lengths 
of  the  projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Itometrlo  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the 
sides  nor  top  of  the  crystal  are  visible,  nor  the  faces  that  may  989. 

be  situated  on  the  intermediate  edges.  On  turning  the  crys- 
tal a  few  degrees  from  right  to  left  a  side  lateral  face  Is 
brought  in  view,  and  by  elevating  the  eye  slightly  the  termi- 
nal face  becomes  apparent.  In  the  following  demonstration 
the  angle  of  revolution  is  designated  S,  and  the  angle  of  the 
elevation  of  the  eye,  e.  Fig.  989  represents  tbe  normal  posi- 
tion of  the  horizontal  axes,  supposing  the  eye  to  be  in  the 
direction  of  tiie  axis  BB;  BB  is  seen  as  a  mere  point,  while 
CC  appears  of  its  actual  length.  On  revolving  the  whole 
through  a  number  of  degrees  equal  to  BMB'  {8)  the  axes 
have  the  position  exhibited  in  the  dotted  lines.  The  projec- 
tion of  the  semiaxis  MB  is  now  lengthened  to  MN,  and  that 
of  the  semiaxis  MC  is  shortened  to  MU. 

If  the  eye  be  elevated  (at  nny  angle,  6),  the  lines  B'N.  BM, 
and  CH  will  be  projected  respectively  below  N,  M,  and  H.  and  the  lengths  of  these  pro- 
jections (which  we  may  designate  ft'N,  6M,  and  eH)  will  be  directly  proportional  to  the 
leneihs  of  the  lines  B'N,  BM.  and  CH. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  ex- 

Sressed  by  a  simple  nitto  between  the  projected  axes.    The  ratio  between  the  two  axes, 
[N  :  Mfif,  as  projected  after  the  revolution,  is  designated  by  1 :  r;  and  the  ratio  of  i/S  to 
MN  by  1 :  «.     Suppose  r  to  equal  3  and  8  to  equal  2,  then  proceed  as  follows  : 

Draw  two  lines  AA'.  H'H  (Fig.  990),  intersecting  one  another  at  riirht  angles.  Make  MH  = 
MH'  =ft  Divide  HH'  into  3  (r)  parts,  and  through  the  points,  N,  N',  tlius  determined, 
draw  perpendiculars  to  HH'.     On  the  left  hand  vertical,  set  off,  below  H',  a  part  H'R, 

equal  to  — 6  =  ^H'M;  and  from  R  draw  RM,  and  extend  the  same  to  the  vertical  N'.  B'B 

\b  the  projection  of  the  front  horizontal  axis. 

Draw  B8  parallel  with  MH'  and  connect  8M.  From  the  point  T  in  which  SM  intersects 
BN,  draw  TO  parallel  with  MH.  A  line  (CO')  drawn  from  0  through  M,  and  extended 
to  tbe  left  vertical,  is  the  projection  of  tbe  side  horizontal  axis. 

Lay  off  on  the  ri^hl  vertical  a  part  HQ  equal  to  -^  MH,  and  make  MA  =  MA'  =  MQ; 
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ifTB,  r  =  S.  Mid  «  =  2,  then  4  =  IS*  W,  knd  c=S*38', 
for  co\  S  ^  r,  KDd  cot  e  =  r«. 

It  is  dttirible  to  go  tbrougb  the  mbore  conslnictlca 
wiib  cnre  lo  iuiure  all  powbia  accuiacy.  The  aiei 
ihui  obtaiued,  ujr  twice  llie  leogtb  here  reprewDled, 
mny  Lie  dmwD  ud  ti  luitable  card  aud  i^reaerred  (or 
future  u.oe,  Wbeutver  Dt»jed,  tbej  can  be  readitj 
trausterred  lo  a  sbcet  of  paper  bj  pritkiug  Ibrougb 
Uie  teriiiitiat  aud  cenlnil  poiiita.  lu  cncL  cstc.  berore 
the  axi-g  H)  oblaiued  are  u!cd,  they  should  be  imed 
to  make  sure  ihnt  the  respective  Beuuaiea  either  sid-.-uf 
the  eeutnil  poiut  M  nre  tqual. 

Tetragonal  and  Orthorbombic  Syatenu. — The  axes 
AA'.  CC.  BB'.  cODsInicted  id  the  ninnner  descrilied, 
i-  i-qual  uud  ai  right  angles  to  each  other.  The  prti- 
II  or  the  axi-s  n(  a  retrsguual  crjBlal  is  obtnlned 
mply  lajiug  off,  with  a  soile  of  proportiofuU 
on  HAaixl  MA'  tnkru  as  units,  the  value  of  the 
Tenical  niiB(r|  fiirthe  givto  speciea.  Tiius  forEircoa, 
=  0-IM,  we  must  laj  off  OiH  uf  MA  above  Mamllhe  same  length  below. 
n  or'liorhombic  crystal,  where  the  three  met  sre  unequal,  the  length  of  t  must  as 
;  Inid  iitt  nbove  and  below  from  M.  and  that  uf  d  In  front  aud  behind  M,  on  BB'. 
il  lr>  innke  the  sidi-  axis  MC  =  £  =  1. 

inic  System.— The  axes  ^auil  a  io  the  moDOcIinIc  sfBlemate  inclined  to  one  an- 


iecti.;., 
by  aim 
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1 
otberntan  oblique  angle  =  fi.  To  project  ILis  incliuatlon, 
aud  ihui  adnpl  llie  isomeiHc  axes  lo  a  niODOclinic  form, 
lnyoir(Fig  W1)  on  the  axes  MA.  Ma  =  MA  X  c«aff. 
and  on  the  nils  BB'  behind  M.  Mb  =  MB  X  sin  ff.  From 
the  points  b  and  n,  ilran  lines  pantllel  respectively  with 
the  axes  A  A'  and  BB'.  and  from  their  intersection  IT. 
draw  througli  M,  IXD.  making  MD  =  MD'.  The  line 
Dty  U  the  cllnodiiigonsl,  iLn<l  the  lines  AA.  CC.  DD' 
represent  the  axes  in  a  mnuoclinlc  solid  in  which  a  =  b  = 
e=  I.  The  points  a  and  b  and  the  position  of  the  nxis 
Diy  will  vary  with  the  angle  A  The  relative  values  of 
the  axes  may  be  given  them  sa  above  elplaiucd;  that  is, 
if  S  =  1,  lay  of! in  the  direction  of  M.Vnud  MA'  a  line 
equal  lo  i.  nad  in  the  direcduu  of  MD  nnd  MIX  a  line 
equid  to  d,  etc. 

Tilclinlc  Byatam. — The  vertical  sections  through  the 
hnrlsuinta!  axes  in  ilie  irlcliulc  syalem  nre  obliquely  iO' 
cllncd;  also  the  iiicltnntion  of  the  axis  'i  to  each  axis  b 
and  c,  is  oblique.  In  the  ailaptation  of  ibc  isometric 
axes  to  the  triclinic  forms,  it  is  therefon:  necessary,  in  the  flrat  place, 
M2.  obliquity  t     "'  -<•■■■ 


S91. 


iDcliix 


—  .'quisfte 

.iibI  tnclinallon  of  tbe  verrlcal  sec- 

id  afterwards  lo  adupl  Ihe  horiEoulal  axe*.  The 

oflhexe  seclioDB  we  may  desijinate  A.  nod 

as  hereiofore,  the  angle  between  a  und  b.  y.  nnd  a  and 

e,  Ii.     BB'  lathe  nimli>gue  of  the  hnciiydir.|;onHl.  aud 

CC  of  the  mncriKl {agonal.     An  oblique  iucllnatioD  may 

be  given  the  verticil)  tactions.  Iiy  varying  the  position 

of  eiiliiT  of  thfse  necti.ins.     Pfrmitling  llie  brachydiag- 

iim  AHA'B'to  remain  unalieivd,  we  may  vary 

■  section  AS  follows ! 

.a  (Fig.  flH2)on  MB,  M'.'  =  MB  X  cos  A.  itnd  on 
C"C  (Id  Ihe  light  or  left  of  M.  according  as  the 
igle  A  is  lo  Ihe  right  or  lefll.  Me  =  MC  X  sin  A: 
iiiir  Ihe  pHnillelogrnm  MA*  I>.  anddrnwing  the 
MD.  exiending  Ihe  sarni-  to  IX  »o  a«  to  make 
D.weoblnin  tlie  line  DO;  tbe  vertical  section 
tlin>iigh  this  line  lathe  correct  macrodingonal 
"■      ■     "■-■' ' miicr.^Hag. 


MD 


section.     The  inclination  ot  a  to  the 
oiial  DD'  is  slill  n  right  angle;  as  also  Ihe  inHiDul^n 
of  a  to  h,  Ibelr  oblique  iDcUnatlons  m:iy  be  given  them  as  follow!  :   Lay  off  ou  HA  (Fl^ 
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983).  Ma  =  MAX  cos  A  «ud  c __ 

completing  Ibe  pBrBllvlogrnm  Mo,  E'i,  Ihe  point 
tUu  projecuid  brae Ijydiaj^ti til.  Agiiiu  lay  off  uu  MA,  Mu'  =  MA  X  cob  a,  ftnd  on  MIX,  to 
the  leFi,  Md  =  Ml)'  X  siu  a.  Dra»  lioee  From  a'  Rud  d  pDralli'l  In  MD  and  MA:  F',  tbe  lu- 
It-rsoclion  of  tbese  lines,  ia  one  extremity  of  tbe  macrodiaconal;  and  the  line  FF",  in  whi<'b 
M1''  =  MP',  is  tlie  macrodiugoiiHl.  Tlie  verlieni  axis  AA'  Bud  the  borizonial  axee  £B' 
(br&cliydiagODal)  aud  FF  [iiiacrodiHgoital)  Ilius  obloiced.  arc  tbe  axes  in  a  tiicllnic  form, 
in  which  .1  —  6  =  c  =  1.  Differeiil  values  may  be  given  these  axes,  according  10 Ibe  melbod 
heretofore  Uluslrateil. 

Hexagonal  Byat«m. — The  aimplesl  method  of  obtaluiog  the  axes  for  tbe  hexagonal  sys- 
tem is  ns  follows  :  We  start  with  tlie  iwinetiic  nxial  cross  (Fig.  900)  and  cUauge  It  so  that  the 
front  axiB  (MB.  Fig.  993)  sball  liave  11  length  equal  lo  1-782  {s=  fit)  limes  ils  original 
length.  When  the  extremities  of  the  linet  CC  an<i  BB'  are  Joined  u  rhomb  will  be  forniiil 
bsTing  the  angles  nl  C  ami  C  equal  10  120°.  Now  draw  throii^ib  Ibe  middle  points  of 
MB,  MB'  lines  parallel  to  CC,  and  the  resulting  figure.  CDEC'D'E'.  will  be  a  ri-gular 
hexagon.     Tbe  lines  joitiinelts  angles,  namely,  CC.  DD',  EK',  will  be  the  lateral  axes  re- 

S Hired;  ibese  are  shown  In  Fig.  994,  repealed  from  p.  06.    Ii  only  remaioe  to  give  Ibe  ver. 
cat  axia  tbe  length  i«}uired  by  the  case  In  hand. 


093. 


994. 


Drawing  o 
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lins  been  coDstructed  for  the  given  species,  tl 


.  m  and  the  anil  pyra- 
mid.Xn  I  be  other  systeins'nre  obtained  iit  once  by 
Joining  tbe  extremities  of  <'ach  of  tbe  latcrnl  axes 
wiib  tboae  of  the  verliml  axis  This  is  illustrated 
for  tilt  Isometric  system  by  Fig.  995  Here,  as  in 
nil  cases,  the  lines  wbirh  full  in  front  mi;  drawu 
sironi;ly,  white  those  beblnd  are  simply  dotted. 

For  tbe  diametrai  jrriim  draw  through  B,  B', 
C.  C.  of  the  pn>Jected  axes  of  any  Ni>ecies  (Pig. 
9951,  liurs  parallel  lo  tbe  axes  CC.  BB'.  until  they 
meet:  Ihey  make  the  parallelogram.  oArd.  which 
ia  a  tntnHverse  section  of  the  prlnm,  pantllel  to  tbe 
base.  Through  a,  b,  c,  d  draw  lines  pnralkl  nod 
equal  to  the  vertical  axis,  making  the  parts  above 
and  below  these  points  equal  to  the  vertical  semi- 
axis  Tbeo,  connect  Ihe  extremities  of  these  lines 
by  lines  parallel  10  ab,  be.  ed,  da,  aad  tbe  Qgure 
will  be  Hint  of  tbe  diametral  prism,  correspond- 
ing to  Ihe  axes  projected. 

In  the  case  of  the  isometric  system  (Fie.  995).  this  diametral  prism  Is  the  cub 
faros  are  represented  by  tbe  letter  a  (100).  Fig.  70,  p.  84;  in  tbe  tetraeonal  system  i 
prism  a  (100),  nfODI).  Fig  I4S.  p.  54;  in  Ibeoithnrbomblc.  monoclluic  and  Iriclinic 
the  races  have  the  symbols  a  (100),  b  (010).  e  (001).  as  shown  In  Figs.  275.  312,  838. 

TTie  unit  ttrtkal  prum  In  the  tetragonal,  orlborhombic,  and  cirnometrlc  systemi 
projected  by  drawing  lines  parallel  to  tbe  vertical  axis  AA'  through  B,  C,  B',  C, 


t  Is  the 

systems 
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the  parts  above  and  below  these  polnta  equal,  and  then  conaectlng  the  eitremlttca  of  Lhew 
lioes  by  liaet  parallel  to  BC,  CB',  B'C,  CB.  The  plane  BCB'C  Is  a  iraaaveise  sectloa  of 
such  a  prism  parallel  to  its  base.  This  prism  is  bouDded  by  the  faces  ■■  (110),  e  (001).  Cf. 
Pigi.  ISO,  276,  313. 

Other  pri^s  in  ihe  orlhorhombtc.  monocltuic  and  triclfntc  systems,  as  (SIO),  (190), 
etc.,  are  drawu  ju  tbe  same  way.  only  that  ihe  lateral  axes  must  be  adapted  to  each  case. 
Thus  for  (210)  the  axis  b  has  double  tbe  unit  value  cliaracterislic  of  the  riren  species;  foi 
(120)  it  lias  half  this  value  (or.  otbemise  eipreased,  Ibe  axis  a  la  lo  be  doublml).  and  su  on. 

Id  the  letragooal  svgtem  (he  prisms  i210),  (310).  etc.,  have  eight  faces  (cf.  Fie.  1S2,  p. 
M).  Thtfrefiire,  t.g.  for  i210).  Snl  draw  iu  the  plane  of  tbe  laLenl  axes  lines  from  tiia 
unit  lengih  of  each  axis  lo  the  double  of  thai  adjainine  (+  and  — ) :  the  inlersectlons  of 
these  tight  lini'S  arc  poiuls  through  ivhich  lioes  must  be  drawn  vertically  [parallel  to  i), 
correspuiidiiig  to  Ibe  edges  letlvred  y  iu  Fig,  152.  For  the  hexagonal  syslem  tbe  cauitnic- 
tiou  of  tliif  tlirt«  prisms  is  so  similar  lo  those  ilescrihcd  as  lo  need  no  further  explanation. 

Oihi'r  simple  forms  are  constructed  on  raucb   ilie  same  principle.     The  Doints  are  flrtt 
to  he  dvterniiueil  at  which  the  respective  fuces  cut  the  axei       '" 
are  drawu  iu   each  of  the  axial  plnucs  coiiuecliug  these 
iuterseclioti-poitjis  noted  for  ench  pair  of  adjoiuiog  faces, 
section  Hues  of  the  giveu  form  are  obtained. 


Then  light  coDstruction  Itnca 
and  at  Ibe  same  time  the 
:bese  last  tbe  acitial  iDler- 


Fies    B9«  to  990  will  serve  as  illualrallous      The  form  Fie.  997  fa  the  Iriwjclaliedroo 
"■  ^ThTlll^effroul  utTper  f"Ces  of  this  have  ■l■^'>:"''?"l^^?':_^'i;  '„?.  <J=/-,;i:!?_?'.  p. 


38).     For  them  the  a: 


n  pp.  S3,  34)  U  follows : 


Hen-  the  axes  n,  .7,.  ■',  nre.  a"  always,  taken  in  the  a.  b.  c  order  (cf.  Fig.  55.  p.  M). 
Fie.  »M  shows  p..<h  of  the  thre.-  phine^  i.rojf.twi  on  the  aw,  and  iheir  re»pert'™  "'"^'3?'- 
ti..n«<lL'.<  !tn"  ■*■"  at  """*  '"  •"'  ""'  ''"""'  ''"<^  marling  fn>in  tlie  points  lettered  a.  The 
romnietion  of  ihf  H'-ni*  involvi's  no  further  dilBcultv,  It  Is  lo  he  noted,  howevpr.  that  it 
is  n.il  necesi-irv  lo  T«in-al  the  foil  ion  ■'I  motion  for  eai-h  oet:inl.  since  Die  principle  of  sym- 
mutri-  Willi  r.aiipcl  to  till'  Ihn-r  a\:!il  planen.  that  is.  uIodb  lines  parallel  to  each  of  tbe  aies, 
rmiin  to  simplifv  th.-  work.  I.,  pn.cti.-e.  il  Is  well  to  .-onstni.t  .he  f">nl  ji'lf  »"d  use  th. 
svmnietrv  to  complete  the  imri  hihind,  wliiih  is  iiauallv  drawn  in  dolled  lines.  Th*  sym. 
inelrv   iii  anv(a«e.  is  a  most  valimlile  i-heok  on  ihc  arnirary  of  the  work. 

Another  illustration  is  given  hv  Figs  99».  990  of  the  ditetragonal  pyramid  (1S2)  of  Ihi 
telraional  system  (cf.  Fie.  168.  p.  58)      Thin  retiiiires  no  additional  explanation. 

d«x  Farms.— When  il  is  re<iuiTe<.l   lo  draw  not  odIt  the  facet  of  a  single  form 
1  under  tbe  same  syntbul.  but  also  those  of  a  num'her  of  fonna  modllyiDg  ooa 
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■DOthm',  ft  MmowhAt  different  proceaa  li  found  deelnble.    It  to  possible,  indeed,  to  con- 
— mplei  fl^re  Id  tbe  w*y  Jott  mentioned,  each  pikne  beuig  laid  oil  on  tbe  given 


Bgure  will  iood  become  to  complex  u  to  be  extremely  petplexlng,  and  thus  lewl  lo  error 
•nd  consequent  loss  of  time. 

Tbe  procen  of  detarmlntDg  the  dlreciion  of  the  InterBection-edge*  i*  much  slmpllBed  If 
the  exprenion  giving  the  mtto  of  the  Intercept!  on  the  axes  for  each  pUna  to  so  truiafonned 
(by  dividing  by  tbe  coefflcleot  of  the  vertical  sxto)  tliftt  the  value  for  tbe  vertical  axto  shall 
b«  unliy  (that  to,  in  general  equal  to  i).  Tbe  extremity  of  the  vertical  axis  (+  or  — }  to 
then  ontf  point  of  intersection  for  any  two  planes,  and  the  other  polot  will  always  be  in  the 
plane  of  tbe  lateral  axes. 

As  an  example  of  the  transformation  called  for,  suppose  824  to  be  the  ivmbol  of  a 

£ren  face,  its  Intercepts  on  the  axes  a,  b,  e  would  be  (Art.  S4)  ^  :  16  :  i«,      'lito  put  Into 
e  form  required  for  the  present  purpose  becomes  (by  muptlplylug  oy  i). 


ta:2b:e. 
a  thus  obUl 


looa 


It  wlU  be  noted  that  the  expression  thus  obtained  to  not  ordinarily  that  which  corre* 
spoads  to  tbe  Naumann  lymbols,  for  witb  them  the  length  of  a  lateral  axto  (usually  a)  to 
taken  as  tbe  unit, 

Bxaapto. — The  explanation  of  the  method  of  drawing  crvstato  can  best  be  described  by 
use  of  a  concrete  example.  Suppose  that  It  to  required  to  araw  an  ortborhomblc  crystal 
(aodaluslle)  of  prismatic  habit  (Pig.  1000).  showing  tbe  faces  a  (100),  e  (001).  m  (110),  r 

(101),  1(011),  o  (ill).  1(121).    It  is  evident  that  an  iLdeflnite  number  

of  figures  msy  be  made.  Includiiig  tbe  faces  mentioned,  and  yet  of 
very  different  appearance  accordiug  to  the  reUtive  size  of  each.  It  to 
usually  desirable,  however,  to  represent  tbe  actual  appearance  of  tbe 
crystal  in  nature,  only  In  IdeAl  symmetry,  hence  it  to  important  In  all 
Gases  to  have  a  sketch  of  the  cirstal  to  be  represented,  showing  tbe 
relative  development  of  the  different  faces.  If  tbto  sketch  to  made 
witb  a  little  care,  so  as  to  exhibit  also  the  parallelism  of  tbe  InteraecCtoo- 
edges  In  tbe  occurring  zones.  It  will  Hve  material  aid.  The  zones.  It 
to  to  be  noted,  are  a  great  help  In  drawing  Qgures  of  ci^BtaU,  and 
they  should  be  carefully  studied,  since  the  common  dtrecilon  of 
tbe  iotersectlOD-edge,  once  determined  for  any  two  faces  In  It,  will 
answer  for  all  others. 

1001. 


The  first  step  to  to  take  the  Isometric  axial  cross,  already  drawn  on  a  suitable  card,  and 
of  a  conveoienUy  large  scale,  and  pierce  it  througb  on  to  tbe  paper  to  be  employed,  and 
then  adapt  It  to  the  rtquirements  of  tbe  species  In  hand.  For  andaluslte  tbe  axial  raUo  to 
i:6:i  =  0-99  : 1  :  OTO.  Hence  the  vertical  axto  must  be  0-7  of  Its  toometric  length,  but 
0D  this  case)  the  lateral  axto  calls  for  no  change. 

The  next  step  to  to  draw  on  the  ptone  ot  the  lateral  axes  (Fig.  1001)  a  line  giving  tho 
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trace  of  each  face  as  it  is  needed.  Each  line  is  obtained  from  the  expression  of  the  axial 
intercepts  transformed  in  the  manner  already  explained,  so  that  the  yalue  for  ^  shall  be 
unitv.  For  the  faces  of  the  prism,  m  (110),  the  required  lines  are  p§  and  p  (Fig.  1001). 
Obviously  their  intersection-edges  are  parallel  to  the  vertical  axis,  while  their  intersections 
with  the  base  e  (001)  are  parallel  to  p§  and  qi.  Similarly  the  mutual  intersectioa-edgea  for 
the  faces  of  the  prism  k  (210)  and  the  pinacoid  a  (100)  will  be  parallel  to  CC. 

Further,  the  corresponding  lines  for  the  upper  faces  of  the  macrodome,  er,  that  is,  101 
and  iOl,  are  pg  and  is :  those  of  tbe  faces  of  the  clinodome  §  (Oil)  are  qi  and  pi ;  those  of 
the  faces  of  the  pyramids  o  (111)  are  ab,  ba',  a'l/,  b'a;  those  of  the  pyramid  c  (121),  whose 
intercepts  iu  tbe  required  form  are  la :  }6 :  le,  are  as,  qA',  alp,  to.  Each  of  the  planes 
mentioned  passes  also  through  C,  the  extremity  of  the  vertical  axis.  Therefore,  whatever 
intersection-edge  is  called  for  is  ^ven  at  once  by  the  figure.  For  example,  that  for  the 
faces  s  (121)  and  «  (Oil)  is  the  Une  joining  C  with  «,  since  the  lines  as  and  qs  represeniing 
these  planes  intersect  at «  and  all  planes  pass  through  C  ;  further,  the  same  direction  is  that 
of  the  intersection-edge  of  m  (110),  s  (121).  since  the  trace  of  971  (110)  also  passes  through  tbe 
point  «.  So  also  tbe  intersection -edge  of  0  (111)  and  s  (121)  will  be  tbe  line  joining  C 
aud  a,  and  the  same  line  is  tbat  required  for  r(lOl)  and  o(lll);  that  of  r  and  /?''(2i0)  is 
gflven  by  tbe  line  joining  C  and  s.  since  tbe  trace  of  K'\  or  mw!  (Fig.  1001 ;  cf.  Fig. 
1002).  if  produced,  meets  tbat  of  r  (101)  oxpq^x.  t. 

Tbe  above  explanation  will  show  bow  tbe  required  intersection* edges  can  be  obtained 
as  needed.  In  the  practical  use  of  tbe  method  it  is  customary  to  begin  with  tbe  pre- 
dominating form  and  tben  add  tbe  modifying  faces  in  succession.  That  is,  in  the  case  in 
hand,  tbe  prism  m  would  be  drawn  terminated  by  e  ;  tben  perhaps  the  pinacoid  a  added  ; 
tben  the  prism  A:  (210).  aud  afterward  tbe  terminal  faces. 

The  actual  figure  is  usually  made  on  the  sheet  of  paper  below  tbe  axial  projection 
(Fig.  1001).  tbe  directions  of  tbe  inter  section -edges  being  carefully  transferred  by  means 
of  a  trianele  sliding  against  tbe  side  of  another  triangle  ur  a  ruler.  Tbe  figure  should  be 
made  considerably  larger  than  as  tinally  required,  since  only  in  this  way  is  sufBcient  accu- 
racy attainable.  Tbe  final  figure  of  tbe  required  size  is  readily  accomplished  by  photo- 
engraving, if  tbe  drawing  is  dune  clearly  and  iu  black  lines. 

To  complete  tbe  figure  behind,  tbe  intersection- lines  can  be  obtained  in  the  same  way. 
It  is  to  be  noted,  however,  tbat  in  tbe  given  case  (of  an  ortborbombic  crystal)  tbe  sym- 
metry can  be  used  to  simplify  tbe  process,  or.  if  desired,  merely  to  check  the  work  done, 
since  every  point  in  front  has  a  corresponding  symmetrical  point  behind  equally  distant 
from  the  axial  plane  be,  in  tbe  direction  of  the  axi^a.  Tbe  symmetry  right  and  left  relatively 
to  the  axial  plane  ae  also  should  be  used  to  test  the  accuracy  as  regards  tbe  two  sides  of 
the  figure.  When  tbe  upi^r  half  of  the  figure  (or,  if  preferred,  tbe  front  half)  is  completed, 
the  symmetry,  as  noted,  is  usually  cni])loyed  in  the  completion  of  tbe  remainder,  since  (in 
this  case)  every  line  in  front  above  has  one  parallel  and  equal  to  it  behind  below.  In  the 
case  of  crvHtals  of  lower  grade  of  symm  etry  the  method  is  less  simple,  and  in  some  instances 
considerable  ingenuity  is  called  for,  but  practice  will  serve  to  give  facility. 

On  the  Drawing  op  Twin  Crtbtals. 

Twinned  Crystals.— In  order  to  project  a  compound  or  twinned  crystal  it  is  generally 
neccHsarv  to  obtain  first  the  axes  of  the  second  individual,  or  semi-individual,  in  the  posi- 
tion in  which  they  are  brought  by  the  revolution  of  180".  This  is  accomplished  in  the  fol- 
lowing manner:  In  Fip.  1002  a  compound  crystal  of  staurolite  is  represented,  in  which 
twinning  has  taken  place  (1)  on  an  axis  normal  to  (032),  and  in  Fig.  1008  this  is  shown 
again  with  also  twinnini;  on  an  axis  normal  to  (282).  Tbe  second  method  of  twinning  beine 
the  more  ^enenil,  is  of  the  greater  importance  for  the  sake  of  example.  In  Fig.  1004  cc\ 
bh',  an'  repre<»ont  the  rectanpular  axes  of  staurolite  </  :  5 :  i  =  0'47 :  1  :  0*68).  The  twin- 
ning-plane  (282)  has  the  position  MNR.  It  is  first  necessary  to  construct  a  normal  from  tbe 
center  O  to  this  plane.  If  p)erpen(licular8  be  drawn  from  the  center  O  to  the  lines  MN,  J<IR. 
MR,  they  will  meet  them  at  the  points  x,  y,  2.  dividing  each  line  into  segments  proportional 

to  the  squares  of  the  adjacent  axes  ;*  or  Nj*  :  Mr  =  ON  :  OM  .  In  this  way  the  points  ar. 
y,  2  are  fixed,  and  lines  drawn  from  any  two  of  them  to  the  opposite  angles  R,  N,  or  M 
will  fix  the  point  T.  A  line  joining  T  and  "O  is  normal  to  the  plane  (MNR  =  282).  Further- 
more, it  is  obvious  that  if  a  revolution  of  180"  about  TO  take  place,  tbat  every  point  in  the 
plane  MNR  will  remain  equally  distant  from  T.     Thus  the  point  M  will  take  the  place 

*  This  in  true,  Aince  the  axial  aiiKlen  are  rieht  anirles.  Id  the  Monoclinic  System  two  of  thft  Axial  loter- 
■ectioDS  are  perpendicular,  and  they  are  sufficient  to  allow  of  the  determination  of  the  point  T  as  above. 
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m(KT  =  Tm).  iLe  poiDt  tftbe  place  fT  iNTsT/T),  and  so  on.    The  lines  JolnlDg  then 

g>lDU  w,  ff,  X,  aod  the  cuniiiiuD  ceouir  0  will  be  tlie  new  axes  corrapoixliiig  to  MO,  NO 
0.     Id  order  lo  oliiaiu   Ihe  UDit  axes  coTreapondlug  toi.b.d  it  is  merely  Decesaarv  lo 
draw  tbroDgh  e  a  Hue  parallel  to  MTu,  mcetlDg  /tO  at  y,  ibeo  yOy'  ii  the  new  verti- 


cal axis  corresponding  to  eOc* :  also,  /90|d'r<icTeRpondB  to  bOb',  and  aOa"  cnrrtsiionilN  'i>  itOa', 
Tlieae  three  axes,  ttieu.  are  the  axes  for  tlienfcoml  iti'livMiml  in  fifi  twiiiiircl  iHwitioti  j  upon 
tbem,  tu  the  usual  nay.  the  new  figure  may  be  r<iiis1ructi.-d  and  then  ininsreriid  to  ita 
[KVper  position  with  reference  lo  iLe  normnl  cryxliil. 

For  (be  second  method  of  twinning,  whtu  the  iixi«  la  nonnitl  tu  (0S3\  tlie  eonstniction 
la  more  nluiple.  It  la  obvious  Ibut  ihe  axis  is  tht  Hoe  Ox,  and  usiiie  this,  as  before,  ihe 
new  axes  are  found  :  leOic  corresponds  to  eOif  (sensibly  colnciUitig  with  M'),  since  e  (001}A 
082  =  45°  41',  and  *o  on.  * 

lu  many  cases  the  simplest  method  Is  to  conatruct  flrat  the  normal  crystal,  then  draw 
through  its  center  the  twinulog-plane  and  tbe  axis  of  revolutlnn,  and  determine  the  aogular 
points  of  Ibe  reversed  crystal  on  the  principle  alluded  to  above ;  that  by  the  revolotioD 
every  point  remains  at  the  same  distance  from  Ihe  axis,  measured  in  a  plane  at  right  anjile 
to  tbe  axis.  Tlius  In  Fig.  384,  p.  136.  when  the  scalenohcdron  has  been  drawn,  since  the 
twinning- piano  la  the  basal  plane,  each  angular  point,  by  tlie  revolution  of  ISO*,  obtains  ■ 
poiltioo  equidistant  from  this  plane  and  directly  below  it.  In  Ihia  nayeach  sngulai  point 
11  determined,  and  the  compound  crystal  is  completed  In  a  it 


Dhawino  or  Pbojectiokb. 

HorlBOutal  Prqjectlona. — It  Is  oflp o  convenient  lo  have.  Instead  of  a  drawing  of  a  com- 
plete crystal,  a  so-called  borlzontal  projection  of  Its  faces  upon  a  single  plane.  The  plane 
■elected  is  usually  that  normal  to  Ihe  prismatic  zone — In  other  words,  that  parallel  lo  tbe 
base  of  all  crystals  except  those  of  the  clinometrlc  system  :  Figs.  30,  32.  S4,  80,  89,  on  pp. 
U,  IS.  are  examples  O'her  planea  may  also  be  taken  with  advantage  In  certain  casea,  aa, 
for  example,  the  cllnodiagoiial  axial  plane  wiib  monocllnic  oryalaU.  Pig.  S26,  p.  108, 
npreaents  such  a  projection  of  a  crystal  of  epidote. 
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1005. 


The  drawing  of  theie  proJectioDs  U  readily  accomplished  bir  one  who  has  mastered 

the  method  already  described  (p.  661) ;  it  is  further  illustrated 
here  by  Figs.  1005, 1006.  The  projeistion  given  (Fig.  1005)  is 
that  of  the  figure  of  andalusite  shown  in  Fig.  1000. 

In  Fig.  1006  the  dotted  lines  oo',  W  represent  the  lateral 
azeif  (here  sensibly  equal).  The  projection  of  the  unit  prism 
m  (110)  on  this  plane  gives  the  lines  jm  and  qt\  of  the  prism, 
k  (210),  the  lines  nn'  and  mm'\  of  the  pyramid,  t  (121),  tbe 
Hues  a»t  a'^,  a'p,  and  at,  etc. 

The  intersection-edges  for  any  two  planes  will  be  >r!vcn  by 
the  line  drawn  through  e  (the  extremity  of  the  vertical  axb  as 
projected,  common  to  all  planes),  aud  also  through  the  point 
where  the  lines  representing  the  given  planes  intersect.  Thus 
the  faces  t  and  «  are  represented  lu  ihe  prolectiou  by  the  Hues 

a»  and  09  respectively.    These  lines  meet  at  •;  hence  the  intersection-direction  for  the  two 

faces  will  be  the  line  drawn  through  O  and  «. 

1006. 


t                          ^ 

V 

r 

A 

A 

X, 

'A 

^  * 

\\ 

k    ^ 

The  projection  shown  in  Fig.  1006.  when  each  face  of  a  crystal  is  represented  by  a  line 
ou  a  given  plane,  usually  that  normal  tu  the  prismatic  zone  (vertical  axis),  was  profiosed  by 
Quenstedt,  and  is  known  ns  the  Quenstedt  Prqketion  ;  it  was  made  by  him  the  basis  of  an 
elaborate  system  of  crystallography.  It  will  be  noticed  that  zones  here  are  represented  by 
points.  Aince  all  the  lines  representing  the  faces  of  a%iven  zone  must  pass  through  the  same 
point  in  the  plane  of  projection ;  this  is  still  true  mathematically  of  lines  which  are 

parallel. 

Spherical  Prcjection. — Various  methods  have  been  suggested  and  are  in  use  for  repre- 
senting the  positions  of  the  faces  of  a  crystal,  especially  with  respect  to  their  zonal  rela- 
tions, the  uncles  between  them,  etc.;  these  do  not.  however,  attempt  to  give  a  picture  of 
the  crystal  itself.  One  of  these—the  Quenstedt  projection— represented  by  Fig.  1006.  has 
already  been  spoken  of.  Another  valuable  method  is  that  of  Goldschmidt,  which  he 
mHk(>s  the  base  of  liis  ingenious  and  practical  system  (see  references  on  p.  117). 

The  most  serviceable  method  and  the  only  one  used  in  the  present  book  is  the  spherical 
projection  described  in  Arts.  89  to  42.  and  of  which  examples  are  given  in  the  paffes  follow- 
iug  (see  Fig.  110.  p.  41:  171,  p  58,  etc.).  The  method  of  construction  needed  has  been 
explained  in  Art.  40.  so  far  as  it  applies  to  the  orthometric  systems. 

For  the  monoclinie  ttyUm  it  is  to  be  noted  (cf.  Fig.  827.  p.  108,  and  Fig.  1008)  that 
while  the  poles  of  the  prismatic  faces  still  lie  on  the  circumference  of  the  circle  and  can  be 
fixed  at  once  with  a  protractor,  and  while  all  the  orthodomes  (AOO  lie  in  the  diameter  from 
a  (100)  to  a'  (100)  at  90**  from  b  (010).  the  base  c  (001)  is  not  the  middle  point  of  the  circle, 
as  in  the  projections  of  the  orthometric  systems.  The  position  of  c  can,  however,  be 
readily  fixed,  since  the  complement  of  the  angle  a«  (100  A  001  =  /T)  gives  its  angQlar 
distance  from  the  middle  point  of  tbe  diameter  aa'  (P  in  Fig.  1006);  and  this  distanoe  on  thf 
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projecliou  U  proportional  to  the  laugenl  of  half  tliis  angle  in  terms  of  (be  given  rudiua.  So 
ttl»o  tiie  poaitiou  of  uuy  oribodome  wlioae  angular  disUiuce  from  a  (100),  a'  (100),  or  c  (001), 
is  l&nown  can  be  fixed  on  tbe  apbere  of  projection  in  ibe  same  way. 


1007. 


1008. 


tiM, 


boio 


^£. ^6«l< 


110 


a  100 


Instead  of  using  ibe  tangent  of  llie  balf  angles  witb  a  scale  of  ))roportional  parts  tbe 
distances  may  be  readily  constructed  witbout  cjuculntion.     Thus  for  eoidote  we  bave 


epidote 


;adil)r  constructed 

ae,  100  A  101  =  29'*  64'; 
ac,  100  A  001  =  64*'  87'; 
aV,  100  A  101  =  5r  41'; 
a'/.  100  A  201  =  25'  57'. 

Draw  a  circle  witb  tbe  giyen  radius  (Fig.  1007)  and  measure  off  on  tbe  circumference 
from  a  (100)  and  a'  (lOO)  tbe  successive  angles  given.  Tben  join  tbe  points  so  fixed  witb 
tbe  point  0,  tbe  opposite  extremity  of  tbe  diiimeter  at  rigbt  angles  to  aPa',  wbicb  is  sup- 
pose to  be  tbe  position  of  tbe  eye  in  tbis  metbod  of  projection.  Tbe  points  where  tbese 
lines  intersect  tbe  diameter  aPa'  give  tbe  position  of  e  (101),  c  (001),  r  (lOl).  I  (201),  to  be 
used  for  tbe  projection  of  Fig.  1008. 

When  the  positions  of  tbe  poles  of  tbe  ortbodomes  of  tbe  given  crystal  are  fixed  in 
the  diameter  aa'  (Fig.  1008),  and  also  those  of  ibe  prisms  rn  tbe  circumference  of  the 
circle,  it  is  obvious  that  tbe  pole  of  any  other  face  can  be  determined  by  drawing  the 
proper  circular  arcs.  Thus  the  arc  010,  101.  010  and  that  110,  001. 110  together  determine 
the  position  of  111.  and  so  on  for  any  pyramid.  Again,  the  arc  100,  111,  100  and  010,  001, 
OiO  determine  the  position  of  Oil.  It  is  to  be  noted,  however,  that  for  sake  of  accuracv  it 
may  be  better  to  fix  tbe  pole  of  Oil,  or  any  given jclinodome,  independently.  If  (Fig.  1008) 
a  diameter  be  drawn  connecting  b  (010)  and  It  (010),  it  is  dear  that  the  angular  distance  hx 
and  hence  P*  (P6  =  90*)  cnn  be  obtained  at  once  by  the  solution  of  a  single  right-angled 
triangle  in  which  tbe  bypothenuse  (010  A  Oil  or  |n  general  001  a  OAr/)  is  known  and  a'so 
the  angle  at  b — tbe  last  being  equal  to  90'— a«.  When  the  point  x  ia  known  the  circular 
arc  cuDot  determines  the  position  of  Oil,  and  so  in  general  of  any  rliiiodomo.  Fig.  1007 
makes  it  clear  at  once  why,  as  stated  in  Art.  40,  the  tnngent  of  half  the  angle  from  the  cen- 
tral point  of  the  sphere  elves  the  position  of  any  pole,  tbe  radius  of  the  circle  being  taken  as 
unity.  It  is  seen  here  (Pier.  1007)  that  the  actual  angle,  for  example  60*  6'.  for^(l01)at  the 
center  is  one-half  the  corresponding  anele  ^80"  3')  at  the  circumference  :  further,  the  distance 
P^  is  proportional  to  tan  30"  3'  (tan  ^  60*  6').  where  tbe  radius  a?  is  equal  to  unity. 

In  the  irUlinie  system  tbe  spherical  projection  can  be  drawn  by  an  extension  of  the 
yiCthod  just  described      It  is  assumed  that  tbe  angles  between  the  pinacoids  are  known, 
ab,  ae,  be  ;  also  the  angles  of  the  triangle  nbc  which   are  the  supplements  of  tbe  axial 
angles  a,  fi,  y.    In  the  first  place  the  positions  of  a  (100).  b  (010),  and  of  the  prisms  ar%^^ 
1mA  bj  the  protractor  on  the  circumference  of  the  circle.    Now  draw  through  aa'ifr^ 
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diameter  and  at  riffht  angles  to  this  another  diameter,  meeting  the  circumference  at  two 
points  B,  B',  90*  from  a  and  a'.  A  circular  arc  drawn  tiirougli  BE'  and  c  (001)  will 
cut  the  diameter  €Ui'  at  a  point  K^  whose  distance  from  the  center  P  can  be  calculated 
in  a  right-angled  spherical  triangle  in  which  the  hypothenuse  (oc)  and  the  adjacent  angle 
at  a  are  known.  Hence  the  position  of  K  is  fixed.  Again,  draw  the  di:. meter  bO\  and 
at  right  angles  to  it  another  diameter,  AA',  If  L  is  the  point  on  blf  where  it  is  cut  by 
the  circular  arc  through  bol/,  the  distance  PL  can  be  simflurly  calculated.  With  K  and 
L  both  fixed,  it  is  easy  to  draw  <iea^  and  b€b\  and  thus  determine  the  position  of  e.  After 
thf  zone  circles  aea'  and  M/  have  been  drawn,  the  position  of  any  dome  {hOi  or  Oki)  can 
be  similarly  found  by  a  sinele  calculation,  and  as  the  prisms  have  been  fixed  it  is  easy  to 
locate  any  required  pyramid. 

On  the  general  method  of  projection  applicable  to  triclinic  crystals,  see  Groth,  Phyfr 
Kryst.,  p.  579,  et  9eq,,  and  Liebisch,  Geometr.  Kryst.,  p.  124^  et  nq. 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF 

MINERALS. 


This  Appendix  contains  a  series  of  tables,  more  or  less  complete,  of  minerals  arranged 
according  to  certain  prominent  crystiillograpiiic  or  physical  characters.  These,  it  is 
believed,  will  be  of  service  not  only  to  the  student,  but  also  to  the  skilled  miueralogist. 
Table  I.,  of  Minerals  urranged  accoraiiig  to  System  of  Crystallization,  is  intended  to  embrace 
all  well-recognized  species,  though  those  of  relatively  greater  importance,  especially'  as 
regards  occurrence,  are  indicated  by  being  printed  in  heavier  type. 

The  other  tables  make  no  claim  to  completeness,  being  limited  often  to  common  and 
important  species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowpipe 
and  chemical  characters,  the  studeni  is  referred  to  the  work  of  I'rofessors  Brush  and  Pen- 
field,  mentioned  on  p.  256. 

I.  MINERALS  ARRANGED   ACCORDIN(}   TO   THEIR  SYSTEM  OP 

CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well-recognized  species,  whose  crystalliz* 
atiou  is  known,  arranged  accprding  to  the  system  to  which  they  belong,  and  further  chissi- 
fied  by  their  luster  and  specific  gravity  ;  the  hardness  is  a.so  given  in  each  case. 

I.  CRYSTALLIZATION  ISOMETRIC* 
A.  Luster  Unmetallic. 


Sal  Ammoniac  (p.  8i9). . 

Kalinite(p.535) 

Fauiasite(p.  460) 

SylTite  (p.  819) 

HaUte(p.818) 

Hydrophilite  (p.  821) . . . 

Sodalite  (p.  412) 

Analcite  (p.  4«0)  

NoMUte  (p.  418) 

Northupite  (p.  864) 

Hallynite  (p.  412) 

Zfeacite(p.  881) 

Lazurite  (p.  418) 

Sulphohalite  (p.  521) 

Rnjstonite  (p.  828) 

Voltaite(p.  587) 

Langbeinite  (p  528) 

Zunyite  (p.  414) 

Pollucite  (p.  882) 

Boracite  (p.  518) 

Pharmacosideri  te(  p.51 8) 
Nitrobarite(p.  517).   ... 

Pluorite(p.  320) 

Helvite(p.  414) 

Garnet  (p  415). 

Kbodizite  (p.  518) 

Daiuilite  (p.  414) 

Hauerite  (p.  801) 

Diamond  (p  271) 

Spinel  (p  888) 

Periclase(p.  881) 


Rpeciflc 

Hard- 

Graviiy. 

iieM. 

1  53 

1-5-2 

175 

2-2-5 

1-92 

5 

1-98 

2 

214 

2-5 

22 

214-280 

5-5-6 

2  2-2  8 

5-5-0 

2-25-24 

5-0 

2-88 

3  5-4 

2-4-2  5 

5  5-6 

2  45-2  50 

5  5-6 

2-88-2-45 

5-55 

2-49 

3  5 

2-58 

45 

2  79 

a-4 

2-88 

2-87 

7 

2-90 

6-5 

2  9-8 

7 

2-9-3 

25 

3-2 

82 

4 

3-16-3-36 

6-6  5 

8-3-48 

6-5-7  5 

34 

8 

3-43 

5-5-6 

3-46 

4 

8  52 

10 

85-41 

8 

867 

6 

Arsenolite  (p.  830) 

Schorlomite  (p.  419).... 

Hercynite  (p.  839) 

Sphalerite  (p.  291) 

mntokite  (p.  817) 

Marshitefp.  317) 

Alubandite  (p  292) 

Perovskite  (p.  487) 

Berzeliite  (p.  495) 

Gahnite  (p.  339) 

Pyrocblore  (p.  489) 

Koppite  (p.  489) 

Zirkelite(p.  346) 

Hatchettolite  (p.  489).... 

Lewisite  (p.  516) 

Atopite(p.  516) 

Percylite,  Boleite  (p.  322) 

Mau/eliite  (p.  516) 

Mauganosite  (p.  832). . . . 
Sennrmontite  (p.  830).. . . 

Embolite(p.  319) 

Oerargyrite  (p.  319).. . 

MiersiteCp.  319) 

Microlite  (p.  489) 

lodobromite  (p.  319). . . . 

Bromyrite(p.  319) 

Cuprite  (p.  831) 

Bulytite(p.  414)  

Bunsenite(p.  382) 

Monimolite  (p.  496) 


Specific 
Gravity. 


8-7 

8-81-8  88 

8-9-3  95 

8  9-4  1 

8  93 

5-6? 

8-95-4  04 

4-03 

4-08 

40-46 

4  2-4-36 

4  45-4  56 

4-71 

4-8-4  9 

4  95 

6-08 

608 

5-11 

518 

5-2-5-3 

5-3-5  4 

555 

5-6 

5-5-6-1 

5-71 

5-8-6 

685-6-15 

611 

6-4 

6-58;  7-29 


Hard. 
ne«s. 


1-6 
7-7  6 
7-6-8 
8-5-4 
2-2-5 

85-4 

55 

5 

7-5-8 

5-55 

5-5 
5 

5-5 
5  5-6 

2-0 
6-6-5 

5-6 
2-2  5 
1-15 
1-1-5 

55 
1-1  -5 
2-? 
85-4 
4-5 
5-6 
5-6 


*  Some  pMudo-isometrlc  species  are  here  included.    Species  with  subxnetallic  luster  are  placed  uod' 
B,  but  some  species  are  included  in  both  lists. 
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B.  LX78TBR  Metallic  (Aia>  Submbtallio). 


Specific 
Gravity. 

Hard. 

U&M. 

Specific 
OraTitj. 

Hard- 

uew. 

Hauerite(p.  801) 

Sphalerite  (p.  291) 

Alabaudite  (p.  292) 

Cubaniie  (p.  297) 

Dysanalyte  (p.  488) 

SiiiDuite  (p.  815) 

Ohromite(p.  841) 

Biuu{ie(p.  808) 

Tennantite  (p.  818) 

Tetrahedrite  (p.  812).. 
Magnesiofenite  (p.  841). 

Pentlandite  (p.  298) 

Polydyinite  (p.  296) 

Jacobsite  (p.  841) 

SycliDodyuiite  (p.  296). . 

Linnaaite  (p.  297) 

Can-ollite(p.  297) 

Bixbyite  (p.  848) 

Pyrite  (p.  800) 

8-46 

89-41 

8-9&-4-04 

40-4-1 

4-18 

4 -8-4 -62 

4-8-4-57 

4-5 

4-4-4-49 

4-4-5-1 

4-57-4-65 

4-6 

4-5-4-8 

4-75 

4-76 

4-a-5 

4-85 

4-95 

495-5-10 

507-5-22 

5-18 

4-9^4 

5.6-6-2 

5-85-6-15 

695 

5-95-6-03 

61-6-2 

6-68 

4 
3-5-4 
3-5-4 
4 
5-6 

4 
5-5 
2-5-3 
8-4 
8-4 
ft-6-5 
3-5-4 
4-5 
6 

5-5 

5-5 

6-6-5 

6-6-5 

6-6-6 

ft-6-5 

3 

5-5 

3-5-4 

8-5 

4-5-5 

25 

6-5 

Canfieldite  (p.  816) 

UUmannite  (p.  802) 

SmalUte,  Chloanthite 
(p.  801) 

6-28 
6-2-6-7 
6-4-6  6 

6-7-6  86 

6-87 

6-l»7 

7-0 

7  2-7  36 

7-8-7  8 

7-4-7-6 

7-5 

7  8 

7-6-8-8 

80 

8-16 

8-2-85 

8-8-8-9 

8  8-8-9 

9-97 

10-1-111 

10-6 

11-4      ' 

113-118 

18-7-14-1 

14-19 
15-6-19-8 
22-6-22  8 

2-5-8 
5-6  5 
6-5-6 

Skutlerudite  (p.  807).... 

Willyumiie  (p.  802) 

Polyiirgyrite  (p.  815) 

Laurite  (p.  802) 

6 
5-5 
2-5 
7-5 

Argentite  (p.  288) 

Iron  (p.  281) ... 

Oalena  (p.  287) 

Eucairiie(p.  289) 

Metaciimabai-ite(p.  292). 

C'austbalile  (p.  288) 

Niuimannite  (p.  288). . . . 

Allaiie  (p.  288) 

Tieiimiiuite  (p.  292) 

Hessiie  (p.  289) 

Copper  (p.  278) 

1^25 

4-5 
2  5-3 

2-5 

8 

2-5-8 

2-5 
8 

25 
2-5-8 
2-5-8 

Franklinite  (p.  341) 

BSagnetite  (p.  889) 

Uraninite(p.  521) 

Silver  (p.  278) 

6-5 
2-5-8 

Bomite(p.  297) 

Gersdorfflte  (p.  802) 

S|jerrylite  (p.  802) 

Iiead  (p.  279) 

6-7 

1-5 

Cuprite  (p.  831) 

Brougniardite  (p.  809).. . 

Corynite  (p.  802) 

Argyrodlte  (p.  816) 

PallHdium(p.  281) 

Amalgam  (p/279) 

Platinum  (p.  280) 

Gold  (d.  275) 

4  5-6 
8-8-5 
4-46 
2-5-8 

OobalUte(p.  801) 

Iridium  (p.  280) 

6-7 

II. 


Mellite  (p.  542) 

Darapskite  (p.  617) 

Apophyllite  (p.  452). . . . 

L5weite  (p.  535) 

Ecdemile(p.  516) 

Sarcolite  (p.  426) 

MHrialite(p.  426) 

Mizzonite  (Dipyre).  (426) 
Wernerite     (Scapolite), 

(p  426) 

Meionite  (p.  425) 

Edin^tonile  (p.  460) 

Cliiolite  (p.  321) 

Melilile(p.426)  

Gelilenite  (p.  427) 

Meliphunite  (p.  407) . . . 

Sellaiielp.  321)  

Zeuiierite  (p.  515) 

Pinnoite  (p.  520) 

Vesuviaxiite  (p.  428). . . . 


CRYSTALLIZATION   TETRAGONAL. 
A.  Luster  Unmetallic. 


Torbemite  (p.  515) 

Trippkeite  (p.  516) 

Octahedrite  (p.  846). . . . 

RutUe(p.  345) 

Xenotime  (p.  494) 

Powellite(p.  541) 

Thorite  (p.  430)    

Ferguson  lie  (p.  490)  . . . . 

Zircon  (p.  428) 

Konipite(p.  516) 

Sipylite  (p.  490) 

Gnnomalite  (p.  408) 

Scheelite  ( p.  ^40) 

Phosgenite  (p.  364) 

Calomel  (J).  317)     

Wulfenite(p.  541) 

Cassiterite  (p.  844) 

Matlookilc  ip  322) 

Tapiolite  (p.  492) 

Siolzite 


1-64 

2-2-5 

23-2-4 

4-5-5 

2-88 

2-5-3 

6-9-7-1 

25-3 

2-54-2-93 

6 

2-57 

5-5-6 

262 

5-5-6 

1 

2-66-2-73 

5  5-6 

2-70-2-74 

5  5-0 

2-70 

4-4-5 

2-84-299 

35-4 

29-31 

5 

2-9-31 

5-5-6 

301 

5-5  5 

2  97-315 

5 

3-2 

2-25 

3  27-3-37 

3-4 

3-35-3-45 

6-5 

8-4-8-6 

3-8-3-95 

418-4-25 

4-45-4-56 

4-53 

4  4-5  4 

4  4-5-8 

4-68-4-7 

4-71 

4H9 

5-74 

5-9-6-1 

6-6  09 

6  48 

6-7-7  0 

6  8-71 

7-2 
7-36-7-5- 
7-87-8-18 


2-25 

6-5-6 

6-6-5 

4-5 

3  5 

4-5-5 

5-5-6 

7  5 

5.V6 

6 

3 

4-.V5 

2  75-3 

1-2 

2  75-8 

6-7 

2-5-8 

6 
2-75-8 
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01ialoop3rrite  (p.  2^). . . 

RatUe(p.845) 

FergU80oite  (p.  490) 

HauBmannite  (p.  842). . . 
Brauiiite(p.  348) 


Specific 
Gravity. 


41-4-8 

4'18-^■'^6;5*3 

4-4-5 -8 
4-7-4 -86 
4-75-4-82 


Hard- 
nefls. 


8-5-4 
6-6-5 
5-5-6 
5-5-5 
6-6-5 


PoIiaDite(p.  845) 

Keinite(p.  542) 

Haucbecoruite  (p.  295) 
TapiollleCp.  492).. 
PlattDerite  (p.  846) 


.  •  •  • . 


Specific 
OraTity. 


4-84-5-0 
6-6  4 

6-4 
7-86-7-5 

8-5    . 


Ice  (p.  881) 

Cypruiite?  (p.  587) 

EUriDgite  (p.  588) 

Tbaumasite  (p.  488) .... 
Omelinite  (p.  459)  H. . . . 
Coquiinbite  (p.  585)  R.  . 

Utahite(p.  fm)R 

Ohabaaite  (p.  458)  R 

LeTyDite(p.  459)  R 

Hyaronepbelite?(p.  468). 

8odauiter(p.  517)R 

Tridymde  (p.  828) 

Bnioite(p.  851)  R 

Oanorinite  (p.  411) 

Microaommite  (p.  411).. 
Kaliopbilite  (p.  410)... 
Carphosiderite?  (p.586)R 

MelavoltiDe  (p.  587) 

Ohalcophyllite(p.  51 1  )R. 

NephaUte(p.  409) 

HanksiteCp.  580) 

Ferronatrite  (p.  536)  R. . 

Milarite  (p.  869) 

Apbthitalite  (p  528)  R.. 

Quarts  (p.  824)  R 

Beryl  (p.  405) 

Eucryptite  (p.  410) 

Alanite(p.  587)  R 

Peniiliiite(pfieu.)fp.474)R 

Oalcite(p.  854)  R 

Alumian  (p.  580) 

Catapleiite  (p.  407) ., . . . 
Dolomite  (p.  857)  R... 

Martinite(p.  510)  R 

Eudialyte  (p.  407)  R 

Ankerite(p.  858)  R..  .. 
Phenacite  (p.  428)  R. . . . 
Totirmaline  (p.  447)  R. . 
MagnesiteCp.  858)  R.... 
Pyrotmalite  (p.  424)  R. . 
Friedelite  (p.  424)  R. . . . 
Spangolite  (p.  580)  R... 
Apatfta(p.  497) 


a  .  • 


m.     CRYSTALIZATION  HEXAGONAL.* 
Rhombobedrul  species  are  distiDgiiisbed  by  a  letter  R. 
A.  Luster  Unmktallio. 

Jarosite(p.  587)  R 

Kaimoudite  (p.  586)... 

Hamliuite  (p.  508)  R. . . 

Pyrochioite  (p.  851)  R. 

Jeremejevite  (p.  518) 

Dioptaae(p.  424)  R 

Svaubercite  (p.  516)  R.  . 

CroDstedlile  (p.  475)  R.. . 

Himatolite  (p.  507)  R.   . 

Counellite  (p.  680) 

MesititeCp.  859)  R 

Rhodochrosite  i859)  R. . 

8vabite(p.  501) 

8iderite(p.  859)  R 

Rbabdopbauite(p.509)R. 

Wurtzite  (p.  295) 

Oomndum  (p.  888)  R. . . 

Willemite  (p.  422)  R.... 

Bpbsrocobaltile  (861)  R.. 

MelaDocerite  (p.  407)  R.. 

Tritomile  (p.  407)  R... 

NordeDskiOldine  (518)  R. 

Caryocerile  (p.  407)  R... 

Parisite(p.  864) 

Smithsonite  (p.  860)  R. . 
Beudantite  (p.  516)  R.  . . 
Plumbogummite?  (p.514) 
Cappelenite  (p.  407). . . . 

Oreenockita  (p.  294) 

Hematite  (p.  834)  R 

Xautboconite  (p.  815)  R. 

Zincite(p.  882) 

ProusUte  (p.  811)  R 

lodyrite  (p.  819) 

Fluocerite  (p.  822) 

Pirrargyrite  (p.  811)  R. . 

PeDfieldite(p.  822) 

Barysilite  (p.  408) 

Ty8onile(p.  321) 

Pyromorphite  (p.  499)  • 

Vanadinite  (p.  500) 

MimeUte(p.  500) 

Cinnabar  (p.  298)  R.... 


09 

1-5 

1-75 

2 

1-75 

1^2-5 

1-88 

8-5 

2-04-217 

4-5 

2-09 

2-.2-5 

208-2-16 

4-5 

2-01^2-16 

4-45 

2  26 

4-5-«^ 

226 

1-5-2 

2-28-2  88 

7 

2-88-2-4 

2-5 

2-42-2-5 

5-6 

2-44 

6 

2-49 

6 

2-50 

4-4-5 

258 

2-5 

2-44-2-66 

2 

2-55-2-65 

5  5-« 

2-56 

8-3-5 

2-56 

2 

2-57 

5-5-6 

2-64 

8-85 

2-65 

7 

2e4-2-7:2  80 

7-5-8 

2-67 

2-67 

8-5-4 

2-6-2-85 

2-25 

2-71 

8 

2-74 

2-8 

2-8 

6 

2-8-2-9 

8-5-4 

2  89 

2-91-298 

5-5-5 

2  95-3  1 

8-5-4 

2-97-30 

7-5-8 

2-98-3-20 

7-7-5 

80-312 

8-5-4-5 

806-319 

4-45 

807 

4-5       . 

3-14 

2 

817-8-28 

5 

820 

8-20 

8-28 

8-26 

328 
8-2a-8-85 

8  80 

8  85 

8  85 

886 
8'88-8'42 
8  45-8  60 

8-52 
8  88-8  88 
8-94-4  01 

898 
8  95-4  10 
8  94-4  19 
402-4  18 

418 

420 

4  20 

4-29      . 

4  86 
4-80-4  45 

4-4-3 
4-49 
4-41 

4  9-5  0 
4-9-5  8 

5-5-2     ' 
5-4-5  7 

56 
6-6-5-7  I 

5  7-5  9 

5  85      I 

6-11 

6  13 
65-71 

6-66-6-86 

70-7-25 

80-8-2 


Hard- 
ness. 


6-6-5 

4 

5 

6 
5-5-5 


2-5-8-5 
8 
4-5 
2*5 
65 
5 
5 
85 
85 
8 
8-5-4 
85-45 

5 

85-4 

85 

8-5-4 

9 
55 
4 
5-6 
5  5 
5-5-6 
5-6 
4-5 
5 
3-5-45 
4-5 
6-6-5 
8-3-5 
5-5-6-5 

2 
4-4  5 
2-2-5 
1-1-5 

4 
25 

8 
4-5-5 
8-5-4 

8 

8-5 

2-25 


*  Some  pseudo-bexagoual  species  are  included. 
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Oraphite  (p.  278)  R... 
ObafcopbaDite  (p.  852)R. 

Jlmenite  (p  886)  R 

€ovelliie(p.  294) 

Pjrrrhotite  (p.  296) 

Molybdenite  (p.  285). .. 
L&iigbaiiite  (p.  446)  . . . . 
fiemaUte  (p.  834)  R... 
MUlerite  (p.  295)  R.... 
Anenic  (p.  274)  R 


Spedflc 

Hard- 

Oravitj. 

ness. 

2J-2-2 

1-1-5 

8-91 

25 

4-5-5 

5-6 

46 

1-5-2 

46 

8-5-4-5 

4  7-4-8 

1-1-5 

4-92 

6-5 

5-2-5-8 

5-5-6-5 

6-3-5  65 

8-8-5 

56-5-7 

85 

Pyiargyilf  (p.  811)  R.. 
TeUariam  (p.  275)  R. .  . 
AllemoDtite  (p.  275)  R... 
Antimony  (p  275)  li. . . 
Tetradyinite  (p.  284)  R.. 

NiccoUte  (p.  295) 

Breiiliauptite  (p.  296). . . 
Ginnabar  (p.  298)  R... 

Bismuth  (p.  275)  R 

Iridosmine  (p.  280)  R. .. 


Speelllo 
Oravitj. 


IV.    CRYSTALLIZATION  ORTHORHOMBIC. 
A  Luster  Unmetallio. 


Tescbemacherite  (p.  864) 
Tburniouatrite  (p.  866).. 

Cimiallite  (p  822) 

8traTite(p.  507) 

Epsoinite  (p.  533). ...... 

MtisCHgoite  (p.  523) 

Nesquebonite  (p.  866)... 

Ooslarite(p.  538) 

Moretiosite  (p.  583) 

Sulphur  (p  278) 

Lindackerite  (p.  516). . . . 

Newberyite  (p.  510) 

Niter  (p.  517) 

tiideronatrite  (p.  587).... 

Flnellile  (p.  322) 

NatroUte(p.  461) 

Okeniie?(p.  452) 

FelsObanyite  (p.  587).... 
Thomsonite  (p.  462). . . . 

WaveUite  (p.  512) 

Hambergiie  (p.  518). . . . 

Pirssonite  (p.  866) 

Sulfoborite  (p.  521) 

Pfscireritefp.  512).-..... 

PegHuite(p.  512) 

Elpidite  (p.  407) 

Howlite?(p.  519) 

Prehnite  (p.  442) 

Anhydrite  (p.  528) 

Aragonite  (p.  361) 

Spodiosile?  (p.  502) 

LeucopbaDite  (p.  407). . . 

I>anburite(p.  430) 

Tvrolite(p.  511) 

Harstigite  (p.  442) 

Reddiugite  (p.  508) 

Berti-aodite  (p.  446) .... 

Lantbauite  (p.  366) 

Iolite(p.  407) 

Thenardite  (p.  523) 

Hopeite  (p.  507) 

Pbosphosiderite  (p.  510). 


1-45 
1-5-1-6 

1-6 
1-65-1-7 

175 

1-77 

184 
1-9-2-1 

2-0 

2-07 
2-0-2-5 

210 
2-09-2-14 

2-15 

2-17 
2-20-2-25 

2  28 

2-38 
2-8-2-4 

2-83 

2  35 

2  85 
2-38-2-45 

2  46 

2-50 
2-52-2-59 

2-55 
2-8-2-95 
2  90-2-98 

2-94 

2-94 

2  96 

2-97-3  02 

80-3-1 

305 

310 

•J -6 

2-6 
2  6-2  66 
2-68-2-69 

2  76 

2-76 


•5 
-5 


1-5 
1-1-5 
1-15 

3 

2-2-5 

2-2-5 

2-5 

2-25 

2-2-25 

1-5-2-5 

2-2-5 

8-3-5 

2 
2-2-5 

8 
5-5 
4-5 
1-5 
5-5-5 
35-4 
7-5 
8-85 
4 

fr 

3-3-5 
6-5-7 

3-5 

6-6-5 

3-3-5 

35-4 

5 

4 

7-7-25 

1-5 

5-5 
3-3-5 

6-7 
2-5-3 
7-7-5 

2-3 
25-3 
3-75 


. . .. 


Talc  (p.  479) 

Beryllonite  (p.  496) 

Haidiugerite  (p.  510). .. . 

Streugite(p.  510) 

Lawsonite  (p.  447) 

Hnmite  (p.  443) 

Anthophyllite  (p.  898).. 

Andaluaite  (p.  432) 

BnstoUte(p.  384) 

Autimite  (p.  515) 

MoDticellite  (p.  422) 

£o9pborite  (p.  514)  

Cbildrenite  (p.  518) 

Sillimanite  (p.  488) 

8corodite(p.  509) 

Lossenite  (p.  516) 

Forsterite  (p.  422) 

Dumorlierite  (p.  449). 
Kornerupine  (p.  451) . 

Zoiaite  (p.  487) 

Dufrenite  (p.  506) 

OhryBoUte(p.  420)... 
Warwickile(p.  618).., 
EnchToltH  (p.  5117.  •  •  • 
Astropbylllte  (p.  487). 
Diaspora  (p.  848)...., 
Natropbllite  (p.  496)  . 

CeDosite  (p.  483) 

Gerbardtite  (p.  517)  . .  ^ 
Hypersthene  (p.  885)... 
Uranospinite  (p.  515).... 

Quarinit€(p.  487) 

Calamine  (p.  446) 

Litbiophiliie  (p.  496).... 

Topaz  (p.  431) 

Langite(p.  536) 

UraDocirclle  (p.  515). . . . 

TriphyUte  (p.  496) 

Epididvinite  (p.  369)..   . 

Mazapillte  (p.  514) 

Hematibilte  (p.  511).... 
Ohrsraoberyl  (p.  842)... 


. . .. 


585 

6-1-6-8 

6-2 

6-7 

7-2-7-6 

7-8-7 -67 

754 

80-8-2 

9-7-9-8 

19  8-211 


Haid. 


9-7-2-8 

2-84 

2-85 

2-87 

8-08 

8-1-8-2 

8-1-8-3 

81(M)-2 

8-15-8-8 

8-05-3-19 

8-08-8-35 

8-11-8-15 

8-18-8-34 

8-24 

81-8-8 

8-3-8-88 

8-36 

8-37 
8-25-8-87 
8-23-8-4 
8-27-3-87 

8-35 

W^ 
8-8-8-4 
8-8-«-6 

8-41 

8  41 

848 
8-4-8-5 

845 

8-49 

8-4-8-5 

8-42-8-56 

8-4-8-65 

3-49 

8-58 
8-62-8*55 

8-56 

8  67 

8-50-3-66 

8-6-8  8 


3-5 
3-3-5 

8*5 
8-8-5 
1-5-3 
5-5-5 

5-5 
3-3-5 
2-3-6 

5-7 


1-1-6 

6-5-6 

1-6-3-5 

8-4 
75-8 
6-6-5 
5-5-6 

7-5 

5-5 
3-3-5 
5-5-5 

5 
4-5-5 

6-7 
8-5-4 

6-7 

7 

6-5 

6-6-5 

8-^4 

65-7 

8-4 

5-5-4 

8 

6-5-7 

45-5 

5-5 

3 

5-5 

6 
4-5-5 
4-5-5 

8 
35-8 

4-5-5 
5-5 
4-5 

S 
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Ardeuiiite  (p.  446) 

Ubethenite  (p.  604). . . . 

8Uurolite(p.  450) 

Strontianite  (p.  862). . . . 

Bromlite(p.  362) 

Atacamite  (p.  322) 

Uraiiopbilue  (p.  483) 

Fliiikite(p.  506) 

Serpierite  (p.  536) 

Brochantite  (p.  530) 

Brookite(p.  347) 

Pinakiolite  (p.  618) 

OelMtite  (p.  526) 

Ludwigite(p.  518) 

KnebelifeCp.  422) 

Tephroite(p.  422) 

Carminite  (496) 

Odthite(p.  849) 

Fayaliie  (p.  422) 

OHvenite  (p.  504) 

Witherite  (p.  862) 

Adamite  (p.  505) 

Barite(p.  524) 

Derbylite  (p.  616) 


Specific 

Hard- 

Gravity. 

ueiMi. 

862 

6-7 

8  6-8*8 

4 

8*65-8*75 

7-7  6 

868-8-71 

8-5-4 

8*72 

4-4*5 

8  76 

8-3*5 

8*81-3*9 

2*8 

387 

4-46 

8  91 

86-4 

8  87-407 

6-6-6 

8*88 

6 

8-95-8-97 

8-86 

8*91-4*02 

5 

8*9-41 

6  6 

4-4*12 

6*6-6 

4106 

2*5 

4  0-4  4 

6-6*5 

4-414 

6*5 

41-4-4 

8 

4*8-4*86 

8-8  76 

4*84-4*86 

8*6 

4*6 

a-6-8*6 

4*68 

6 

BrooUte  (p.  847) 

n^aite  (p.  445) 

Sterubergite  (p.  290) 

Manganitelp.  849).   ... 

Enargite(p.  815) 

8Ubiiite(p.  283) 

Faniaiinite  (p.  315) 

Eliiprotholitc  (p  308). . . 
WiUicbenite(p.  310).... 

Euxenile  (p.  493)  

Ciialcostibite  (p  308).... 

Pyroluaite  (p.  347) 

Poly m ignite  (p.  493). . . . 

Stylotypite  (p.  310) 

Marcasite  (p.  802) 

iB:scbinito  (p.  493) 

Zinkenite  (p.  307) 

Andorite(p.  308) 

8«rtorite(p.  308) 

Oolumbite  (p.  490) 

Sumiiite  (p.  308> 

Dufrenoysite  (p.  309)... 

Ohaloodte  (p.  290' 

Ytlrotantalite  (p.  492)... 

Jamesonite  (p.  808) 

AnnerOdite  (p.  493) 

Melanotekite  (p.  446).... 


8*87-407 

40-4  05 

41-4*2 

4-2-4*4 

4*43-4-45 

4-5-4*6 

4-57 

4*6 

4-5-5 

4  6-5 
4-75-5 

4-73-4-86 
4*77-4  85 

4-8 

4  85-4-9 

4-93;  5-17 

3-5  35 

5.34 

5-89 
»36-6*0 

5-5 

5-55 
5-5-5-8 

5  5-5-9 
5 -5-6  0 

57 
5-7 


5 


6*5-6 
5*5-6 
1-1*5 
4 
3 
2 
3-5 
2*5 
3*5 
6-5 
3-4 
2-2*5 
6-5 
8 
6-6-5 
5-6 
3-8  5 

8 

6 
3-4 

3 

2-5-3 

5-5*5 

2-8 

6 
6-5 


Speclflc 

Hard- 

OraTitj. 

noM. 

Pseudobrookite  (p.  848) . 

4-8»-4  98 

6 

Euxenile  (p.  498) 

4*6-6 

6*5 

Cerlte(p.  447) 

4*86 

6*6 

JSschynite  (p.  493) 

4-93;  6  17 

6-6 

Polyci-ase  (p.  498) 

4*97-5*04 

6-« 

Cotuuuite(p.  821) 

6-24-6*8 

2 

Valentinite  (p.  880) 

6  67 

2-6-8 

Samankite  (p.  492) 

6-6-6*8 

6-6 

Yttrotantalite  (p.  492)... 

6-6-5  9 

6-6*6 

Melanotekite  (p.  446). . . . 

6*7 

6*6 

AnnerOdite  (p.  493) 

6*7 

6 

Phoenicochroite?  (p.  629) 

6*76 

8-8*6 

Tellurite  (p.  880) 

6*9 

3 

Descloizite  (p.  606) 

6  9-6*2 

8*6 

Kentrollte  (p.  446) 

619 

6 

Anglaaite  (p.  627) 

6*12-6*89 

276-8 

Pucherlte(p.  496) 

6*26 

4 

Oaledonite  (p.  580) 

6*4 

2*6-8 

Daviesite  (p.  822) 

Laurionite  (  p.  822) 

8-8*5 

OenMait«(p.  868) 

6-46-6*57 

8-8*6 

Nadorite  (p.  616J 

Ochrolite  (p.  516) 

7  02 

8*6-4 

Mendipite(p.  322) 

7-71 

2*^-8 

3  (and  SUBMETALLIC). 

Boornonite  (p.  810). 

67-6*9 

2*6-8 

Boulangerite  (p.  809).. . . 

575-6*0 

2*6-8 

Hielmite  (p.  498) 

5-82 

6 

Diaphorite  (p.  309) 

69 

2*5-8 

Olaucodot  (p.  304) 

59-60 

6 

Anenopyrit«  (p.  308)... 

5-9-62 

5-6-« 

Kenlrolitc  (p.  446) 

6*19 

6 

Aikiiiiie  (p.  310) 

6*1-6-8 

2-2-5 

SiroineyeHtc  (p.  290). ... 

615-6  8 

2*6-8 

Stephanite  (p.  314) 

62-63 

2-2-6 

Guunujuiitite  (p.  2;^).... 

6  25-6  6 

25-8-5 

Oeocrouiie  (p.  314) 

6-3-6-45 

2-5 

Wolfncliile  (p.  304) 

6  87 

4-6-5 

Empleciile  (p.  308) 

6:^-6  5 

2 

Meuegliinite  (p.  313) 

6-4 

2-6 

Bismuthinite  (p.  284). . . 

6*4-6-5 

2 

Srlmpbftchiie  (p.  809).. . . 

6*43 

3  5 

Alloclftsite  (p.  304) 

6-6 

4-5 

Cosalite  (p.  309)  

6-4-6-75 

26-8 

Nagyaglte  (p.  305) 

685-7-2 

1-1*5 

liaminclsbergite  (p.  304). 

6  9-7-2 

55-6 

Safflorite(p.  304) 

6-9-7  3 

4(M» 

TanUIite  (p.  490) 

7-7-3 

6 

LOllineife(p.  303) 

Acan&ite  (p.  290) 

7-0-7-4 

6-56 

7-2-7-8 

2-2-5 

Krenuerite  (p.  305) 

835 

Dyscnuiite  (p.  288) 

9  4-9*8 

85-4 
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V.    CRYSTALLIZATION  MONOCLINIC. 
A.  Luster  Unmbtallio. 


Natron  (p.  366) 

BSirabUite  (p.  531) 

Whewellite  (p.  542) 

Stercorite  (p.  510) 

Ahimiuite  (p  537) 

Alunogeu  (p.  535) 

Borax  (p.  520) 

Boussiugaultite  (p.  535).. 

ApjoIiDite?  (p.  585) 

Fibiofenite?(p.536).... 
Melanterite  (p.  534). . . . 

Halotrlcliite?  (535) 

Pickeriugite  (p.  535). . . . 
Hydroborucite  (p.  521).. 

Gay-lussite  (p.  366) 

KrOhnkite  (p.  536) 

Diadocbile  (p.  516) 

Botiyogen  (p  537) 

Morucnite  (p.  453) 

KaiD!te(p.  530)  

Queteniie?  (p.  538) 

Copiupite  (p.  536) 

Troim(p.  367) 

Plcromeriie  (p.  535) 

Castanite  (p.  536) 

QueDstedtite  (p.  535). . . . 

Heintzitcip.  520) 

Hydroinagnesite  (p.  367). 

BUlbite  (p.  456) 

Scolecite  ( p.  462) 

Brushile  (p.  510) 

Heulandite  (p.  454) 

Dariipskiie  (p.  517) 

PhUUpsite  (p.  455) 

Mcsolite(p.  462) 

Blodite  (p.  535) 

Epistilbiie  (p.  454) 

Gismoiidite  (p.  457) 

Laumontite  (p.  457). . . . 
MetJibrushite  (p.  510).. . . 

Wellsiie  (p.  455)  

Gypsum  (p.  531) 

Gibbsite  (p.  3'>1) 

PetaHteCp.  369) 

Colemanite  (p.  519).    . . . 
Hautefeiiillitefp.  508)... 

Brewstcritc  (p.  454) 

Harmotome  (p.  456) 

IIcDinrsitc  (p.  508) 

Wappleritc?  (p.  510) 

Serpentine  (p.  476) 

Cab'io  errit«'  (p.  514). . .  . 

Eudiilvmite(p.  369) 

Orthoclage  (p.  370) 

Kieseriie  (p.  531)  


Specific 
OraTity. 


1-44 
1-48 

1-615 

1-66 

1-6-1 -8 

1-69-1 -72 

1-70 

1-78 

1-84 

190 
1-9-2  0 

1-9-2  0 

1-94 

1-98 

2035 
204-214 

208 
207-2-19 
2  0i^214 

2-10 

2  12 
2-1-22 

212 

21-i 

2-18 

216 
2-16-2  20 
216-2-4 

2-21 
218-2-22 

2-20 

2  2 

2-2-2  4 

2-25 

2-25 

226 
2-25-2-36 

2-29 

2-28-2-37 

231-2-33 

23-24 

2-39-3-46 

2  435 

2  45 
2  44-2-5 

2-47 

2  48 
2-50-2-65 
2-52-253 

2  55 

2  57 

2  5: 


1-1-5 
1-5-2 

2  5 
2 

1-2 
1-5-2 
2-2-5 

1-5 

2-2  5 

2 


2 

2-8 

25 

8 

2-2  5 

3-4 

2-5-8 

8 

25 

2-6-3 

8 

2-5 

4-5 

86 
8-6-4 
5-5-5 
2-2  5 
3-6-4 

2-8 
4-4  5 
5 

2-5 
4-4-5 

4-5 
3-5-4 
2-6-3 
4-4-5 
1-5-2 
2-5-3-5 
6-6-5 
4-45 

25 
5 

4-5 

1 

2-2-5 

2  5-4 

25 
6 
6 

8-35 


Vivianlte  (p.  508) 

Syngenite  (p.  584) 

RaoTinite  (p.  481) 

Pburmacoliie  (p.  510)... . 
Olinochlore  (p.  478). . . 

PectoUte(p.  395) 

Augelile(p.  513) 

Glauberite  (p.  528) 

Polybiilite?(p.  535) 

MuBcovite  (p.  464) .... 

LepidoUte(p.  467) 

Biotite  (p.  467) 

Phlogopite  (p.  469) 

Prochlorito  (p.  475) 

Hyalopbane  (p.  873) . . . . 
Gttuopbvllite  (p.  452). . . . 

ZiDtiwuldite  (p.  467) 

Cuspid  in  e  (p.  442) 

Liroconite  (p.  514) 

WoUaatonite  (p.  894) . . .. 
P3rrophylIite  (p.  482). .. 

Prusopite  (p.  3*^8) 

Conmdophilite  (p.  475).. 

Isochisite?  (p.  511) 

Caipholile(p.  447) 

DatoUte  (p.  435 

Pachnolite  (p.  328) 

Thomsenoliie  (p.  328)... 

Cryolite  (p.  321) 

Musaiidrite  (p.  487) 

Br3rthrit«  (p.  509) 

Symplesite  (p.  508) 

Cnbrerilc  (p.  509) 

Beniiinite  (p.  518) 

Hurderile  (p.  503) 

Margarita  (p.  470) 

Amphibole  (p.  399).   ... 

Lazulite(p.  506) 

WHgneiite  (p.  502)... 
Xuiitbopbyllile  (p.  471).. 

Seybeniie  (p.  471) 

Krtltigiie  (p.  509) 

Euclaae  (p.  436)   

Glaucophane  ( p   403) . . . 
Lndlriiniie  (p   513). ... 
HcTiengmndite  (p.  536). 

Chiirrliito  ?  (p.  509) 

Chondrodite{p.  443^... 
Clinohumite  (p.  443). . . . 

Pn)l.  elite  (p.  443) 

Spodumene  (p.  393) 

Iliiroauliie  (p.  510) 

Johanniie  (p.  538) 

Pyroxene  (p.  387) 

Neptunifeip.  487) 


Specific 
OraTity. 


Hard. 


2-58-2-68 

2-60 
26-2-63 
2  64-2-78 
2-66-2-78 
2-6S-2-78 

27 

2  7-2  85 

2-77 

2  76-8 

28-2-9 

2  7-81 

2-78-2  86 

2  78-296 

2805 

2-84 

2-82-8-20 

2  86 

288 

28-29 

2  8^2-9 

289 

2-90 

2  92 

2  98 

2  9-8  0 

2  98-8 

2  93-8 

2  96-8 

2  98-8 

2  96 

2  96 

2  96 

2  98 

2  99-8  01 

2-99-8  08' 

2  9-8  4 

806 

8-07 

8-09 

8-81 

8-1 

8-10 

8.10-311 

3-12 

8  13 

8-14 

81-8-2 

3-1-32 

8  13-8  2 

8185 

3-199 

8-2-8-6 

8  23 


1-6-3 

2-6 
2-2-5 
2-2-6 
2-2-6 

5 
4-6-6 
2-6-8 
2-6-8 
2-2-6 
2-6-4 
25-8 
26-8 

1-2 
6-6-5 
4-4-6 
25-8 

6-6 
2-2-5 
4-5-5 

1-2 

4-6 

2-5 

1-5 

5-55 

5-5-5 

8 

1^-8 

25 

4 

1-5-2  5 

2-5 
2 

6 
86-46 

5-6 

6-6 
5-5'5 

4-6 

4-5 
2-6-8 

7-5 
6-66 

2-5 
8-3  6 
6-66 
6-65 

6-5-7 
6 

2-2  5 
5-6 
5-« 
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A.  Luster  Unmbtaluo. 


JohDstnipite  (p.  487). .. . 

BpidoU(p.  4&) 

Roseubuschite  (p.  896). . 

TrOgerite(p.  616) 

Ottrelile?  (p.  471) 

Clinokedrite  (p.  447).  • .  • 

Jad«it«  (p.  898) 

Homilite  (p.  486) 

DickiDionite  (p.  607). . . . 
Pi«clmontite  (p.  440). .  • . 

WOblerite  (p.  «NS) 

SappbiriDe  (p.  461) 

Biebeckitc  (p.  404) 

FfUowite  (p.  607) 

Triplite(p.  503) 

Orplment  (p.  282) 

Riiikite  (p.  487) 

AHVecUonite  (p.  406). .. 
SYDadelpbite  (p.  506).... 

ntanite  (p.  485) 

Acmite  (p.  891) 

Veszelvile  (p.  511) 

L&venfte  (p.  896) 

Ohloritold?  (p.  471).... 

Keilhauite  (p.  487) 

Dietzeite(p.  517) 

Triploidiie  (p.  502) 

Rafdgar  (p.  282) 

Barytocalcite  (p.  864).... 
Adelite.  Tilasite  (p.  602). 
Cbalcomenite  (p.  688). . . 


Spoolflo 
QntTity. 


8-29 

8'26-8-6 

8  8 

8*8 
8-8 

8  88 
8*88-8-86 

8*88 

8*84 

8*40 
8'41-8-44 
8  42-8-48 

8-48 

8-48 

8  44-8  8 

84-85 

846 
8*44-8*46 
8-4^-8*60 
8*4-8  56 
86^56 

8-68 
861-^-56 
8*5»-8  57 
8-62-8 -77 

8*70 

8-7 

8-6 

8*66 

8*74 

8-76 


6-7 
6-6 

6-7 

5-6 
6-6-7 

6 
8-6-4 

6*6 
6*6-6 

7-6 

46 

4-6-5 

1*6-2 

6 

6 

4-6 

6-5*5 

6-6*6 

8*5-4 

6 

6*6 

65 

8-4 

4-IW5 

1-5-2 

4 

6 


ABiuit«(p.  866) 

Allactite(p.  506) 

AUanite  (p.  440) 

Claudetite  (p.  880) 

Malachite  (p.  864) 

DuraDgite(p.  608) 

Partscbinite  (p.  419). . . . 

Oadolinite  (p.  486) 

Barylite(p.  408) 

Tagilite(p.  611) 

Dibydrito  (p.  506) 

Sarkiuite  (p.  602) 

Pyrostilpnite  (p.  812).... 
dUnoolaaita(p.  605).... 

Karmaaite  (p.  806) 

Lautarite  (p.  517) 

MonaBite(p.  495) 

Unarite  (p.  680) 

LoniDdite  (p.  808) 

Baddelevite  (p.  846) 

Vauqueliuite  (p.  529).... 

Orocoite  (p.  629) 

Agricolite  (p.  419) 

Tanorite  (p.  882) 

ZteadhiUite  (p.  580) 

louiarkite  (p.  580) 

Atelestite  (p.  507) 

Fiedleriie  (p.  822) 

Httbn«rite(p.  589) 

Ra8pite(p.  541) 


B.    LUBTBR  MbTALLIC  (AND  BUBICBTALLIC). 


A11anite(p.  440)..f 

Crednerite  (p.  848) 

Miarg3rriU  (p.  808) 

Plagionite  (p.  808) 

Rittingerile  (p.  812) 

SemseyUe  (p.  809) 


8-5-43 

56-6 

4-9-51 

4*5 

5*1-5  8 

2-3-5 

54 

25 

663 

2-2  5 

5*95 

2-8 

Polybadte  (p.  814).... 

Pearcelte(p.  815)     

Freietlebenita  (p.  809). 

Jordanlte  (p.  818) 

Wolframite  (p.  589). . . . 
8ylTanite(p.  804) 


VI.    CRYSTALLIZATION  TRICLINIC. 
A.  LuBTEB  Unmetallic. 


Speciflo 
Qravity. 


8*77-8*88 
888-8  85 
8-5-42 
886-4*16 
8  9-4  08 
8-94-407 

40 

4-0-4-5 

408 

408 

4-4-4 

4-18 

4  2 

419-4-86 

4-5-46 

4*59 

49-68 

68-5-46 

5*58 

5-5;  6026 

6*8-6*1 

69-61 

60? 

6*8-6  26 

6*26-6*44 

6-8-64 

6*4 

73-7*6 


60-62 

6*15 
6-2-6*4 

6-89 
7*2-7*5 
7-^-8-8 


Sassolite  (p.  852) 

Lansfordite  (p.  867) 

Hannayite  (p.  510) 

Amnrautile  (p.  586) 

Ohaloanthite  (p  584). . . . 

RDmerile  (p.  536) 

BCiorocline  (p.  878) 

Alblte  (p.  877) 

Oligoclaae  (p.  878) 

Andeaine  (p.  879) 

lAbradorite  (p.  879). . . . 

Anorthite  (p.  880) 

Monetite(p.  507) 

Inesite  (p  463) 

AmUygoiiite  (p.  608)... . 


1-48 

1*54 

1-89 

211 
212-2-80 

217 
2*54-2-57 
363-2-65 
3  65-2-67 
3*68-3-69 
3-70-3-73 
3*74-3*76 

3-75 

8  03 
801-8-09 


1 
3  5 

3-5 

3-5 
8-8*5 
6-65 
6-6*5 
6-6*5 
6-6-5 
6-6-5 
6-66 

85 
6 
6 


Hard- 
ness. 


8  6-4 

4-5 
65-6 

3-5 
8*6-4 

5 

6*6-7 

6  6-7 

7 

8-4 
4*6-5 

4-6 

3 

3  5-8 

1-1*5 

5-66 

26 
1^2*6 

66 
26-8 
2*6-8 

8-4 

25 
2-2*5 
3-4*5 

6-65 


2-8 

8 

2-2  6 

8 
6-6-5 
1-6-2 


Fairfleldite  (p.  607) 

8-10 

8*5 

Messelite  (p.  507) 

8*5 

Cbalcosiderite  (p.  514).. 

811 

4-5 

Azinite(p.  441) 

3-37 

6-5-7 

Hiortdublite  (p.  896) 

3-37 

5-6*6 

,  BtibingtODite  (p.  896).... 

8*35-3-87 

5*5-6 

;  Celsian  (p.  881)  

8  87 

6-6*5 

Rhodonite  (p.  895) 

84-8-68 

5*5-6*5 

Trimerite  (p.  434) 

8*47 

6-7 

Cbloritold  ?  (p.  471) 

8*53-8*57 

6*6 

Roselite  (p.  507) 

8-5-86 

8-5 

Oyaiilte(p  484) 

8*56-8*67 

5-736 

Brandtite  (p.  507) 

3*67 

5-5*6 

^nigmatite  (p.  405).... 

8  85 

Walpurglte?(p.  515).... 

5  76 

86 
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IL  CBYSTALLINE  HABIT. 

I.  ISOMETRIC  SYSTEM. 

Id  the  following  lists  some  species  are  enumerated  whose  crystalline  habit  is  often  so 
marked  as  to  be  a  distinctiye  character. 

Oubas. — Mbtallio  Luster  :  Galena;  Pyrite. 

Un METALLIC  Luster  :  Fluorite;  Cuprite;  Uerargyrite;  Halite;  Sylvite;  Boracite;  Pliar- 
macosidtri  ite.     Also  Percy  lite;  Cerargyrite;  Perovskite. 

Oube-Uke  forms  occur  with  the  lollowing :  Apophyllite  (tetragonal);  Cryolite  (mono- 
clinic).  Also  with  the  rhombohedrai  specictt:  Chabazite:  Aluuite;  Culcite;  rarely  Quarts 
and  Hematite. 

Octahedrons.— Metallic  and  Submetallig  Luster  :  Magnetite;  *Frauklinite;  Cbro- 
mite;  Uruniuite.     Also  sometimei,  Galeua;  Pyrite;  Linueeiie;  Dysanulyte. 

Unmbtallic  Luster  :  Spinel  (iucl.  Heicyuiie  and  Gahnite;;  Cuprite;  Diamond;  Pyro> 
chlore  uud  Microliie;  Ralstouite;  Periclase;  Alum. 

Forms  somewhat  resembliug  regular  octahedrons  occur  with  some  tetragonal  species,  as 
Brauuiie;  iiausmauuiie;  Chuicupyriie;  Zircou,  etc.;  also  with  some  rhoml^hedrai  species, 
as  Dolomite. 

Dodecahedrons.— Metallic  Luster  :  Magnetite;  Amalgam. 
Unmetallic  Luster  :  Gurnet;  Cuprite;  Sodalile. 

Trapezohedrons. — Ummetallic  Luster  :  Gtirnet;  Leucite;  Analclte. 

P3rritohedrons. — Metallic  Luster  :  Pyrite;  Cobaltite.  Also  Gtersdorfflte;  Hauerite 
(submetallicj. 

Tetrahedrons. — Metallic  Luster  :  Tetrahedrite. 

Unmetallig  Luster  :  Sphalerite;  Boracite;  Helvite;  Eulytite;  Diamond. 

The  tetragonal  sphenoids  of  Cbalcopyrite  may  resemble  tetrahedrons. 

II.  TETRAGONAL  SYSTEM. 

Square  Pyramids. — Submetallig  Luster  :  Braunite;  Hausmannite. 
Unmetallig  Luster:  Zircon;  Wulfenite;  Vesuvianite;  Octahedrite;  Xenotime. 

Square  Prisms.— Unmetallig  Luster  :  Zircon;  Vesuvianite;  Scapolites;  Apophyllite; 
Phosgeoite. 

Square  tabular  crystals  occur  with  Apophyllite;  Wulfenite;  Torbernite. 

Prisms  nearly  square  are  noted  with  a  number  of  orthorhombic  species,  e.g.,  Topas; 
Andalusiie;  Dunburite. 

ni.  HEXAGONAL  SERIES. 

Hexagonal  Prisms.— Unmetallig  Luster  :  Beryl:  Apatite:  Pyromorphfte:  Vanadiofte; 
Mimotite  (usually  indistinct  rounded  forms.  Also  Nepbe1ite;Milarite:  Tysonite.  and  others. 

Hcxaironnl  prisms  are  also  common  with  ihe  r?iombohedral  species  iQuviriz;  Calcite;  Tour- 
maline; Willemite:  Phenaoite:  Dioptase,  etc.  Again,  with  the  Micas,  etc.  Numerous  rare 
species  could  be  included  here. 

Many  ortTvorhombie  (or  monoelinie)  species  havinp  a  prismatic  an  trie  of  abont  60*  (and 
120*)  simulate  this  form  both  in  simple  crvsfals  and  still  more  as  the  result  of  twinnin/;. 
Thus.  Arasronite:  Strontianite;  Lcadhillite:  lolite.  It  is  also  to  be  noted  that  the  isometric 
dodecahedron,  e  jr..  of  Gnmet.  hns  often  the  form  of  a  hexagonal  pyramid  with  trihedral 
terminations  (cf.  Fijr.  443.  p.  134).  

Tabnlnr  hexaeonnl  prism«»  arn  noted  with  vnrtons  species.  Thus,  Metallic  Lubteb  : 
Hematite;  Ilmenlte:  Pyrrhotite.     Unmetallic  Luster  :  Trldymite. 

Hexaflfonal  Pyramids.— Apatite:  Conmdum  (rhombohedrai);  Quarts  (rhombohedrtl- 
trappzoh^dml):  TTnnksite. 

This  form  is  often  simulated  by  various  orfTiorTiomhie  species,  in  part  as  the  reauU  of 
twinninir.  For  pxnmnle.  METALijr  luster  :  Cbnlcocite;  Stephanite;Polybasitc;  Jord»nite» 
etc.     Also  Brooltitp  (Fiir.  801.  p.  94) 

Unmetallic  Luster  :  Witherite;  Bromlite;  Cerusdte;  lolite. 

Trigonal  Priam.— Tourmaline. 
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Rhomboh6droiiB.~Angle  75*  (and  105') :  Calcite;  Dolomite;  Siderite;  Rbodochrosite. 
Angle  not  far  from  90*:  Ciiubuzite;  Alunite. 

Boalenohedrons. — Calcite  and  allied  Carbonates;  Proustite. 

IV.  ORTHORHOMBIC,  MONOCLINIC  AND  TRICLINIC  SYSTEMS. 

Prlamatio  Orystals. — MBtALUO  Lustbb  :  Stibnite;  Arsenopyrite;  Bournonite;  Manga- 
nite;  GH>tbite,  etc. 

.  Unmictallic  Luster  :  (^(/M>r A<?f9iMe)  Topaz;  Staurolite;   Andalusite;  Barite;  Celestite; 
Danburite.     Also  {monoelinie)  Pyroxene;  Ampbibole;  Ortboclase,  and  many  others. 

£pidote  crystals  are  often  prismatic  in  aspect  (Fig.  850,  p.  488). 

Tabular  Orystals. — Burite;  Cerussite;  Calamine;  Diaspore;  WoUastonite. 

Aoioular  Orystals. —Metallic  Luster  :  Stibnite;  Bismuthinite;  Millerite;  Jamesonite; 
Aikiuiie,  and  other  species. 

Unmstallic  Luster  :  Pectolite;  Natrolite;  Scolecite;  Thomsonite,  and  other  Zeolites. 
Also  Aragouiie;  Strontiuuite;  less  often  Calcite.     Also  many  other  species. 


Twin  Orystals. — The  habit  of  the  twins  occurring  with  many  species  is  very  character- 
istic. Reference  is  made  to  pp.  118  to  180  and  the  accompanying  figures  for  a  presentation 
of  this  subject. 

III.    STRUCTURE   OF  MASSIVE  MINERALS. 

Fibrons. — Fibers  aeparMe:  Asbestus  (ampbibole);  also  the  similar  asbestiform  yariety 
of  serpentine  (chrysotifiB);  Crocidulite  (color  blue). 

F&era  not  teparabU,  chiefly  itraight  :  Calcite;  Gypsum.  Also  Amgonite;  Barite;  Celes- 
tite; Anhydrite;  Brucite;  Eustatite;  W  ollastonite;  Dufrenite;  Vivianite.  See  also  Columnar 
below. 

Fibrous-Radiated.— Wavellite;  Thomsonite;  Natrolite;  Stilbite,  and  other  Zeolites; 
GOthite;  Malachite. 

Oolumnar. — Metallic  Luster  :  Stibnite;  Hematite;  Jamesonite;  Ziiikenite,  etc. 

Unmetallic  Luoter  :  Limonite;  GOthite;  Araeonite;  Ampbibole  (tremolite,  actinolite, 
etc.);  Epidote;  Zoisite;  Tourmaline;  Sillimanite;  Natrolite  and  other  Zeolites;  Strontianite; 
Witherite;  Topaz. 

Cyanite  has  often  a  hladed  structure. 

Fibrous  and  columnar  varieties  pass  into  one  another. 

X^amellarStellate.— Gypsum;  Pyrophyllite. 

Foliated.— Metallic  Luster:    Graphite;    Molybdenite;   Tetradymite;  Sternbergite; 

ITaflTvacri  i  e 

Unmet'allio  Luster  :  Talc;  Orpiment;  Gypsum;  Pyropbyllite;  Serpentine;  Gypsum. 

Blicaceous.— The  Micas,  p.  468:  also  the  Brittle  Micas,  p.  470.  and  the  Chlorites.  p.  472. 
Also  Brucite;  Orpiment;  Talc;  Torbemite;  Autunite. 

Oranular.— Metallic  Luster  :  Galena;  Hematite.  Many  sulnhides,  sulpharsenites, 
etc..  have  varieties  which  are  fine-granular  to  compact  and  impalpnbie. 

Unmetallic  Luster  :  Pyroxene  (coccolite);  Garnet;  Calcite;  Barite,  etc. 

Botryoidal,  Mammillary,  Reniform,   etc.— Metallic    Luster:  Hematite;    Arsenic; 

Allemontite.  ,      /-,.    i     j         » 

Unmetallic  Luster  :  Malachite;  Prehnite;  Calamine;  Smithsonite;  Chalcedony;  Hya- 
lite; Sphalerite,  etc. 

Stalaetitio.-^METALLic  Luster  :  Limonite:  Psilomelane;  Marcasite. 
Unmetallic  Luster  :  Calcite;  Aragonite;  Gibbsite;  Chalcedony. 

IV.  PHYSICAL  CHARACTERS. 
I.  CLEAVAGE. 

•Oalilo.— Metallic  Luster  :  Galena.  -  .   .    ^  .     . ,       *  ^      «*  v 

Ukmetat.lic  Luster  :  Halite:  Sylvite.  The  cleavage  of  Anhydrite  (also  of  Cryolite) 
gfanulates  this.    Cf .  also  Corundum,  p.  888. 
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OoUhedraL— Fluorite;  Diamond.    Magnetite  (also  Franklinite)  has  often  diitinct  octa- 
hedral parting. 

Dodecahedral. — Sphalerite. 

Rhombohedral. — Calcite  and  other  species  of  tbe  same  group,  pp.  854>860. 

Square  Prismatic  (90*).— Scapolite;  Kutile;  Xenotime. 

Prismatic.— Barite:  Celestite;  Ampbibole  (64*  and  126*),  etc. 

Basal.— Mbtallio  Luster  :  Graph it4"Holjbdenite. 

UvMSTALLio  Luster  :  ApophjllitecTopaz;  Talc;  the  Micas  and  Chlorites;  Chalcophyl- 
lite,  etc.    Pyroxene  often  shows  marked  basal  parting. 

Pinaooidal. — Metallic  Luster  t  Stibnite. 

Uhketallic  Luster  :  Oypsum;  Orpiment;  Euclase;  Diaspora  etc 


U.  HARDNE88. 

1.  Soft  Bfinerals.— Tbe  following  minerals  are  conspicuously  Pqfl,  that  Is^  H  =  2 
or  leas;  they  hence  have  horeaw  feel.     (See  further  tbe  Tables,  pp.  657  to  668.) 

Metallic  Luster  :  Cmiphue;  Molybdenite;  Tetradymite  ;  Sternbergite ;  Argentite; 
Naffvagite;  some  of  the  Native  Metals  (Lead,  etc.)* 

Ukmbtallic  Luster:  Talc;  PyropbylHte;  Brucite;  Tyrolite;  Orpiment;  (?erargyrite; 
Cinnabar;  Sulphur;  Gypsum. 

Also  Calomel,  Arsenolite,  and  many  hydrous  sulphates,  phosphates,  etc. 

2.  Hard  Minerals. — Minerals  whose  hardness  is  equal  to  or  greater  than  7  (Quarts  s=  7). 
Tbe  following  minerals  are  here  included: 

Luster  Unmetallic. 


QuARTz(p.  824) ..••  7 

Tridymite(p.  828) 7 

Barylite(p.  408) 7 

Dumortierite  (p.  449) 7 

Daiiburite  (p.  430) 7-726 

BORACITE  (p.  518) 7 

Zunyite(p.  415) 7 

Cyanite  (p.  484) 5-7-26 

Tourmaline  (p.  447) 7-7*5 

Garnet  (p.  415) 6i$*3f-5 

loLiTE  (p  407) 7-75 

Stauuolite  (p.  450) 7-7*5 

Schorlomite  (p.  419) 7-7*5 

Sapphirine(p  451) 7*5 

£ucla8e(p.  486) 7*5 


Hambergite  (p.  618) 7*5 

Zircon  (p.  428) 7*6 

Andalubite  (p.  482) 7*6 

BERYL(p.  405) 7.5-8 

Law8onite(p.  447) 7*6-8 

Phenacite(p.  428) 7*5-8 

Gahnite  (p.  839) 7-6-8 

Hercyuiie(p.  889) 7*5-8 

Spinel  (p.  338) 8 

Topaz  (p.  431)  8 

Uhodizite(p.  618) 8 

Chrysobertl  (p.  842) 8*6 

Corundum  (p.  833) 9 

Diamond  (p.  271) 10 


The  following  minerals  have  hardness  equal  to  6  to  7,  or  6*6—7. 

Luster  Metallic:  Iridosmine  (p.  280);  Iridium  (p.  280);  8perryHte(p.  802). 

Luster  Unmetallic  :  Ardennite  (n.  445);  Axinite  (p.  441);  Betrandlte  (p.  446); 
Cassiterite  (p.  844);  Chrysolite  (p.  420^.  Dinspore  (p.  848):  Elpidite  (p.  407);  Epidote  (p.  488); 
Fortiterite  (p.  422);  Gadoliuite  (p.  486);  Jndeite  (p.  898);  Partschinite  (p.  419);  Billlmanite 
(p.  438);  Spodumene  (p.  893);  Trimerite  (p.  424). 

m.  SPECIFIC  GRAVITY. 


Attention  is  called  to  the  remarks  In  Art.  280  (p.  158).  on  the  relation  of  specific  irravify  to 
chemicnl  composition.  Also  to  tbe  statements  in  Art  281  as  to  the  awroffe  specific  grayity 
among  minerals  of  metallic  and  unmetallic  hister  respectively.  Tlie  species  in  each  of  the 
separate  lists  of  Table  I  of  minerals  clnssificd  with  reference  to  crystallization  are  arranged 
according  to  ascending  ipeHfU  gravitiei.  Hence  the  lists  gire  at  a  glance  minerals  dia- 
tinguished  by  both  low  and  high  density. 


APPENDIX   B.  567 


IV.  LUSTER.     (See  Art.  888,  p.  188.) 

Metallic. — ^Native  metals;  most  Sulphides;  some  Oxides,  those  containlDg  iroD,  man* 
ganese,  lead,  etc. 

Submetallic. — Here  belong  chiefly  certain  iron  compounds,  as  Ilmeuite;  Ilvaite; 
Columbite;  Tautalite  (and  allied  species);  Wolframite,  etc.     Also  Uraninite,  etc. 

Adamantine. — (a)  Some  Jiard  minerals:  Diamond;  Corundum;  Cassiterite;  Zircon; 
Rutile.  (b)  Many  compounds  of  lead,  also  of  silver,  copper,  mercury.  Thus,  Cunissite, 
Ans^lesite,  Phosgenile,  etc.;  Cerarffyrile;  Cuprite;  some  Cinnahar,  etc.  {c)  Also  certain 
varieties  of  Sphalerite,  Titanite  and  Octnhed rite. 

Metallic-Adamantine — Pyrargyrite;  some  varieties  of  the  following:  Cuprite,  Cerussite, 
Octabedritc,  Rutile. 

Resinoiui  or  Waxy.— Sphalerite;  Elseolite;  many  Phosphates. 

Vitreoiui.— Quartz  and  many  Silicjites,  as  Garnet,  Beryl. 

Pearly. — The  foliated  species:  Talc,  Brucite,  Pyrophyllite.  Also  (on  cleavage  surfaces) 
conspicuously  the  following:  Apopliyllite,  Stilbite,  Heulandite.  Also,  less  prominent:  Barite; 
Celestite;  some  Feldspar,  and  others. 

Silky. — Some  fibrous  minerals,  as  Gypsum,  Calcite;  also  Asbestus. 

V.  COLOR. 

The  following  lists  may  he  of  some  use  in  the  way  of  suggestion.  It  is  to  be  noted, 
however,  thut  especially  in  tlic  case  of  metallic  minerals  a  slight  surface  change  may  alter 
the  effect  of  color.  Further,  among  minernls  of  unmetallic  luster  particularly,  no  shiirp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  the  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended, 
could  make  any  claim  to  completeness. 

(a)  Metallic  Lubter. 

Silver-white,  Tin-white. — Native  silver;  Native  Antimony,  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyiite  an  1  LOIliugite;  several  sulphides,  arsenides,  etc.,  of  cobalt  or 
nit  kel,  as  Cobaltile  (reddish);  some  Tellurides.  No  sharp  line  can  be  drawn  between 
these  and  the  following  group. 

Steel-gray.— Platinum:  Mauganite;  Chalcocite;  Sylvanite;  Bournoulte. 

Blue-gray. — Mnlybdeuite. 

Lead-gray.— Many  sulphides,  as  Galena  (bluish);  Stibnite;  many  Sulpharsenites,  etc., 
as  Jamesonite,  Dufrenoysite,  elc. 

Iron-black.— Graphite:  Tetrahedrite;  Polybasite;  Stephanite;  Euargite;  Pyrolusite; 
Magnetite;  Hematite;  Fnuiklinitc. 

Black  (with  submetallic  luster). — Ilmenite;  Limonite;  Columbite;  Tantalite,  etc.; 
Wolframite;  Ilvaite;  Uraninite,  etc.  The  following  are  usually  brownish  black:  Braunite; 
Hausmaunite. 

Copper- red. — Native  copper. 

Bronze-red. — Bornite  (quickly  tarnished) ;  Niccolite. 

Bronze-yellow. — Pyrrhotite  ;  Pentlnndite  ;  Breithauptite. 

Brass-yellow. — Chalcopyrite  ;  Millerite  (bronze.)  Pale  brass-yellow:  Pyrile;  Mar- 
casite  (winter  than  Pyrile). 

Oold-yellow.— Native  gold. 


Streak. — The  following  minerals  of  metallic  luster  are  notable  for  the  color  of  their 
stre(ik : 

Coehineal-red  .*  Pyrarpyrite. 
Cherry-rfd :  Miargyrite. 
Dull  Red  :  Hematite  (also  Cuprite). 
BearUt :  Cinnabar  (usually  unmetalli<»^ 
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Dark  Bravm :  Mangauite  ;  Fraiiklinile  ;  Cbromite. 
Yelloto :  Limonite. 

TamiBh.  —  The  following  are  conspicuous  for  their  bright  or  variegated  tarnish  * 
Boruite  ;  Chalcopjrite  ;  Tetrahedrite  ;  8i>me  Limonite. 

(b)  Unmetallic  Lusteb. 

Oolorlets.— In  Crystals:  Quartz:  Calcite;  Aragonite;  Gypeura  ;  Cerusaite ;  Anirles- 
ite  ;  Albile  ;  Btirite  ;  Aiiulnria  ;  Topuz  :  A|)ophyllite  ;  Natrolite  and  other  Ziolites; 
Celestiie  ;  Diiispore  ;  Nephelile  ;  Meionite  :  Calamine  ;  Cryolite  ;  Phenucitc,  etc 

Mahsive  :  Quartz  ;  Calcite  :  Gypsum  :  Hyalite  (botryoidal). 

White.— Crystals  :  Auiphibole  (trcniolite) ;  Pyroxene  (diopside,  usually  greenish). 
Massive:   Calcite;   Milky  Quartz;  Feldspars,  especially  Albite  ;  Barite  ;  Cemssite , 
Scapoiite  ;  Talc  ;  Meerschuuni  ;  Magnesite  ;  Kaolinite  ;  Amblygouite,  etc. 

Blue  — Blackisu  Blue:  Azurite  ;  Crocidolite. 

Indioo-blue  :  Indicolitc  (Touruuiline) ;  Vivinnitc. 

Azure-blue:  Lazulite  ;  Azurite  ;  Lapis  Lazuli  ;  Turquois. 

Pru>sianblue  :  Sapphire;  Cyauiie  ;  lolite  ;  Azurite  ;  Chalcanthite  and  many  cop- 
per compouiuis. 

SKY-BFiUK.  MouNTAiNBF-UE :  Beryl  ;  Celestite. 

Violet  blue  :  Amethyst ;  Fluonte. 

Greenish  Blue  :  Amnzon-stoue  ;  Chrysocolla  ;  Calamine  ;  Smithsonite  ;  some  Tur- 
quois ;  Beryl. 

Green. — Blackish  Green:  Epidote  ;  Scipentiiie  ;  Pyroxene  ;  Amphibole. 

£merali>-green  :  Beryl  (Emerald)  ;  Malachite  ;  Dioptase  ;  Atticamite  ;  and  many 
other  copper  compounds  ;  Spodumene  (hiddenite) ;  Pyroxene  (rare)  ;  Gahuite  ;  Jadeite 
and  Jndc. 

Bluish  Gheen  :  Beryl;  Apatite;  Fluorite  ;  Amazon  -  stone ;  Prebnite  ;  Calamine; 
Smithsonite;  Clirysocolla  :  Chlorite:  .'ome  Turquois. 

Mountain  green  :  Beryl  (aquamarine) ;  Euclase. 

Apple-green  :  Talc  ;  Gurnet  ;  Chrysopniae  ;  Willemite  ;  Gamierite ;  Pyrophyllite  ; 
some  Muscovite  ;  Jadeite  and  Jade  ;  Pyrophyllite. 

Pistachio-green:  Epidote. 

Grass  GREEN  :  Pyromorphite  ;   Wnvellite  ;  Variscite  ;  Chrysobeiyl. 

Grayish  Green  :  Amphibole  and  Pyroxene,  many  common  kinds  ;  Jnsper;  Jade. 

Yellow  green  to  Olive-green  :  Beryl :  Apatite  ;  Chrysoberyl ;  Chrysolite  (olive 
green) ;  Chlorite  :   Serpentine  ;  Titjmite  ;  Datolile  ;  Olivenite  ;  Vesuvianite. 

Yellow. —Sulphur-yellow  :  Sulnhur  ;  some  Vesuvianite. 

Orange- yellow:  Orpiment ;  Wulfenite  :  Mimetite. 

Straw  yt.llow,  also  WIN^>YELI.ow,  Wax-yelix)W  :  Topaz  ;  Sulphur ;  Fluorite ;  Can- 
crinite;  Wulfenite  ;  Vanadinite  ;  Willendte  ;  Calcite;  Barite;  Chrysolite;  Chondrodite; 
Titanile ;  Datolite.  etc 

Brownish  Yellow  :  Much  Sphalerite  :  Siderite  ;  GOthite. 

OcHER  YELLOW  :  Gfttbite  ;  Yellow  ocher  (limonite). 

Red  — HuBY-RED  :  Ruby  (corundum) ;  Ruby  spinel ;  much  Garnet ;  Pix>u8tite;  Vana- 
dinite ;  Sphalerite  :  Cliondiodite. 

Cochineal-red:  Cuprite;  Cinnabar. 

Hyacinth  RED. — Zircon ;  ( 'rocoite. 

Orange  red:  Zincite. 

Orange  red  to  aurora-red  :  Realgar  :  Wulfenite. 

Crimson-red  :  Tourmaline  (rubellite) ;  Spinel,  Fluorite. 

Scarlkt-red  :  Cinnabar. 

Brick-red  :  Some  Hematite  fred  ocher). 

Rose  RED  to  Pink  :  Rose  quartz  ;  Rhodonite  ;  Rhodochrosite  ;  Erythrite  ;  some  Scapo- 
lite.  Apophyllite  and  Zoisite  :  Eudialyie  ;  Petalite  ;  Margarite. 

Peach-hlossom  Red  to  Lilac  :  Lepidolite  ;  Rul)ellif«. 

Flesh  red:  Some  Orthoclase  ;  Willemite  (the  v^anety  troostite);  some  Chabasite ;  Stfl- 
bite  and  Heulandito  ;  Apatite  ;  rareljr  Calcite  :  Polyhnliie. 

Brownish  Red  :  Jasper  ;  Limonite  ;  Garnet ;  Sphalerite  ;  Siderite  ;  Rutile. 
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Brown. — Reddihh  Brown  :  Some  Garnet ;  some  Sphalerite  ;  Staurolite  ;  Cassiteritc  ; 
Kutile. 

Clove-brown  :  Axinite  ;  Zircou  ;  Pyromorphite. 

YKLLOWI8H  Brown  :  Siderite  uud  related  carbouates  ;  Sphalerite  ;  Jasper ;  Limonite  ; 
QOthite  ;  Tourmaline  ;  Vesuviuiiite  ;  Choudrodite  ;  Staurolite. 

Blackish  Brown  :  TiUmite  ;  some  Sidirite  ;  Sphalerite. 

Smoky  Brown  :  Quartz. 

Black :  Tourmidiue  ;  black  Garnet  (melaiiite) ;  some  Mica  (especially  biotite) ;  also 
some  Amphibole,  Pyroxene  and 'Epidote  (these  are  mostly  greenish  or  brownish  black); 
further,  some  Sphalerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black) ; 
also  Allanite  ;  Samarskite.  Some  black  minerals  with  submetallic  luster  are  mentione<l 
on  p.  438. 

Streak. — The  streak  is  to  be  noted  in  the  case  of  some  minerals  with  unmetallic  luster.  Bv 
far  the  majority  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
differing  but  little  from  white.     The  following  may  be  mentioned : 

O range- YELiiOW  :  Zincite.'Crocoite. 

Cochineal- RED :  Pyrargyrite  and  Proustite. 

Scarlet  iied  :  Cinnabar. 

Brownish  red  :  Cuprite  ;  Hematite. 

Brown  :  Limonite. 

The  streak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite,  etc.» 
Is  about  the  same  as  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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AbbreviatioDSf  4 
Absorpliou  of  ligbl,  171 

biuxial  crystals,  218 
UDinxial  crystals,  201 
Acicular  crystals,  142 
Acid  salts.  247 
Acids.  246 

Aclino  electricity,  235 
Adamiuiiiue  luster,  188 
Aggregate  polarization,  228 
Aggregates,  crystalliue.  142 

optical  properties,  228 
Airy's  spirals,  203 
Albite  law  (twiiiuing),  131,  875 
Alkalies,  test  for.  258 
Alkaline  taste,  238 
Alliaceous  odor,  238 

Alumioiuin  (aluminuin),  test  for,  258,  264 
Amalgam.  186.  187 
Amorpbous  structure.  6,  143 
Amplitude  of  vibration,  162 
Amygdaloidal  structure.  148 
Aualyzer,  177 
Analysis,  blowpipe.  256 

cbemical.  252 

microcbemical.  252 
Angle,  critical.  169 

of  extinction,  211 

polarization.  175 
Angles,  measurement  of,  112 

of  dibexagonal  prisms,  88 
ditetragoiial  prisms.  64 
isometric  forms.  42,  46.  49 
An  isometric  crystals.  192 
ADisotropic  crystals,  192 
Anomalies,  optical,  2*^ 
Antimony,  tests  for.  259.  260.  261.  264 
Apatite  type,  71 

Arborescent  structure,  see  Dendritic.  148 
Argillaceous  odor.  238 
Arsenic,  tests  for.  259,  260,  261,  264 
Artitldal  minerals.  1.  252 
Aflterism,  190,  470 
Astringent  taste,  288 
Aflymmetrio  group.  109 
Atom,  289 
Atomic  weigbt.  240 
Axes.  crytUulographic.  18,  22 


Axes,  etber.  208 

of  elasticity,  208 
optic,  207,  215 

dispersion  of,  210,  220 
Axial  angle,  optic,  209.  215 

measurement  of,  215 
figure,  199.  214 
planes  of  symmetry,  14 


ratio,  22 


B 


Barium,  test  for,  259.  264 
Basal  plane,  58.  67,  90.  100,  107 
projections.  26 

drawing  of,  558 
Base.  53.  67,  90,  100.  107 
Bases,  cbemical,  246 
Basic  salU,  247 
Buveno  twins,  129.  371 
Belonite.  140 
Bertraud  ocular.  211 
Beryl  type.  66 
Berylloid,  69 
Bevel.  Beyelment.  87 
Biaxial  crystals,  192.  203 

examination  of.  210 
Binary  symmetry,  9 
Birefringence,  172,  197.  198,  512 

determination  of.  212 
Bisectrices,  208 

dispersion  of,  210,  222 
Bisectrix,  acute,  208 

negative.  217 

obtuse.  208 

positive,  217 
Bismutb,  test  for,  261.  264 
Bitter  taste.  238 
Bituminous  odor.  238 
Bivalent  element.  244 
Blnded  structure,  142 
Blebby  bead,  258 
Blowpipe,  256 
Borax,  use  of.  268 
Boron,  test  for.  259,  264 
Botryoidal  structure,  1^ 
Brncby-axis,  89.  106 
Bracbydome,  91,  107 
I  Bracbypinacoid,90,  107 
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Bracbyprism.  91,  107 
Brucbypyramid,  93,  107 
Brazil  law  (twin),  127,  825 
Brewster's  law,  174 
Brittle  mineruls.  154 
BiiDsen  burner,  256 
Burner  for  blowpipe,  256 


Cadmium,  test  for,  261,  265 
Calcite  type,  74 
Culciuiii.  test  for,  259.  265 
Calculation  of  angles,  80,  52,  68,  84,   96, 

104,  109 
*       cbemical  formula,  249 
Capillary  crystals,  148 
Carbonates,  test  for,  265 
Carlsbad  twin,  129,  870 
Cbalcopyrite  type,  61 
Cbange  of  coloi-s,  189 
Cimrcoal,  use  of,  257,  260 
Cbemical  compound,  245 

composition  und  optical  charac- 
ters, 225 

elements,  239 

formula,  240 

mineralogy,  289 

reaction,  245 

symbol,  240 

tests,  254,  264 
Cblorides,  test  for,  265 
Ciilorine.  test  for,  255,  259 
Chondrule,  421 
Chromium,  tests  for,  268,  265 
Circular  polarization,  178.  202 

imitated  by  mica  sectfoDSy  227 
Classification  of  minerals,  269 
Cleavage,  146 

basal,  147 

cubic.  147 

dodecabedml,  147 

octahedral,  147 

prismatic,  147 

rliombobcdral,  147 
Clino  axis,  98 
Clinodonie.  101 
Clinobedral  group,  104 
CIinopinaroi(l.  100 
Ciinoprisui,   100 
Ciin.)|)vramid.  101 
Closed  form,  25 
Closed  lul)e.  259 
Cobalt,  test  for.  268,  265 

nitrate,  use  of,  258 
Cohesion.  146 
Color,  104.  1H6.  187 

complementary,  164,  178 
Columnar  airucture.  143 
Conibinint^  weight,  248 
Complementiry  colors.  164,  178 
Composition-plane,  119 
Concentric  structure,  142 


Concboidal  fracture,  152 
Conductivity,  for  electricity,  284 

beat,  282 
Conical  refraction,  207 
Conoscoi)e,  181 

Constancy  of  crystal  angles,  7 
Contact  goniometer,  118 
Contact  twin,  120 
Cooling  taste,  288 

Copper,  te>ts  for.  259.  262,  268,  265 
Copper  cbloiMe.  test  for,  259 
Coialloidul  structure,  143 
Corrosion  forms,  151 
Cotangent  relation,  81 
Critical  angle,  169 
Crossed  dispeision,  228 
Crypto-crysialline,  6,  148 
Crystal,  definition,  5 

distorted,  11,  188 

twin.  118 
Crystallites,  140 
Crystalline  aggregate,  6,  142 

structure,  6 
Crystallization,  systems  of,  18 
Crystallogeny,  5 
Crystal  iograpby,  5 
Cube.  84 
Cuprite  type,  50 
Curved  crystals  and  faces,  187 


D 


Decrepitation.  258,  259 

Deltoid  dodecahedron,  48 

Deudnies,  143 

Dendiitic  structure,  148 

Density,  156 

Description  of  species,  269 

Determination  of  minerals,  267 

Diagonal  prism,  67 

pyramid,  69 

Diamagnetic  minerals,  287 

Diamagnetism,  237 

Diametral  prism.  54.  90,  100,  108 
])yramid,  55 

Diaphaneity.  186 

Diathermancy.  238 

Dibasic  acid,  246 

Dichroic  crystals,  202 

Dichroism,  187.  201 

Dicbroscope,  202 

Diffraction,  171 

Dihexagonal  prism,  67 

pyramid,  69 

Dimorphism,  251 

Dimorphous  compound,  251 

Diploid.  44 

Dispersion,  170 

of  bisectrices,  210,  828 
crossed.  228 
horizontal,  228 
inclined,  282 
of  optic  axes,  210,  888 


GENERAL  INDEX. 


573 


Distorted  crvstels,  11.  138 
Ditetragonal  prism,  65 

pyramid,  67 
Ditrigonal  pnsm,  88 
DivergeDt  structure,  143 
DodecaLiedron,  34 

deltoid,  48 

dyakis,  44 

peutagoua],  43 

tetrnhedral,  61 

rhombic,  84 
Domes,  26,  91,  100.  101,  107 
Double  refraction,  172 
Drawiu>r  of  crystals,  547 
Drusy,  143 
Dyakis-dodccahedroD,  44 


E 


Earthy  fracture,  153 

Effervesceuce.  254 

ElasLicity,  154 

axes  of  light-,  308 

Elastic  minerals,  154 

Electricity.  234 

Electro-uegative  elements,  243 
])ositive  elements,  243 

ElemenU,  angular.  96.  104,  110 
axial.  96.  104,  110 
chemical,  339.  340 
equivalence  of,  105 

Elllptically  polarized  light,  178 

Elongation,  negative  or  positive,  318 

Enautiomurphous  forms,  50,  83 

Epoptic  tigures,  319 

Etching,  149 

figures.  149 

Ether,  luminifcrous,  160 

axes,  203.  308,  319,  320 

Even  fracture.  153 

Exfi)liali()n.  358 

Expansion  bv  heat,  283 

Extinction,  177,  210 

oblique,  211 
parallel.  311 

Extinction-nni^le.  211 

Extraordinary  ray,  194,  205 


F 


Fedtrt)w  mica-wedge,  213 

Feel.  238 

Fetid  odor,  238 

Fibrous  structure,  142 

Filiform,  143 

First  order  prisms.  53,  67 

])yranuds.  54,  68 
Flame  coloration.  259 

oxidizing,  257 

reducing,  257 
Flexible,  154 
Fiuorescenre.  190 
Fluorides,  fluorine,  test  for,  360,  265 


Fluxes,  262 

Foliated  structure,  143 

Forceps,  357,  358 

Form,  35 

Formula,  chemical,  340,  348 

calculation  of,  349 
Formulas  for  spherical  triangles,  83 
Fracture,  151 
FuudamenUil  form,  35 
Fusibility,  283,  358 

scale  of,  358 

G 

Galena  type,  88 

Gladstone  law,  169 

Glass,  optical  characters  of,  193,  338 

Glass  tubes,  357;  use  of,  359 

Gliding  planes,  147 

Glimuieriug  luster,  189 

Glistening  luster,  189 

Globular  structure,  143 

Globulites.  140 

Glowing,  358,  359 

Goniometer,  contact  or  hand.  112 
horizontal.  115 
reflecting,  113.  116 
theodolite.  117 

Granular  structure,  143 

Greasy  luster,  189 

Grouping,  molecular.  31 

parallel,  131,  133 

Gyroidal  forms,  50 


Habit,  crystal,  8 
Hackly  fracture,  153 
Hand  goniometer,  113 
Hard  minerals,  153 
Hardness,  153 
Heat.  231 

effect  on  optical  properties,  224 
Heavy  solutions,  158 
Hemihedral  forms.  17 
Hemimorphic  forms,  18 

groups.  59,  71,  96,  108 
Hexagonal  prisms,  67 

pyramids.  68 

symmetry.  10 

system,  65,  15 

trapezohedron,  74 
Hexakisoctahedron,  39 
Hexakistetrahedron.  49 
Hexoctahedron,  89 
Holohedral  forms,  17 
Horizontal  dispei^ion,  223 

prisms.  92 

projections,  26 
Horse-radish  odor,  238 
Houppes,  219 
Hour-glass  structure,  890 
Hydroxides,  246 
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IcosahedroD.  44,  47 
icositetrahedrou,  39 
Idiophaiious  crystals,  219 
Impalpable  structure,  142 
Indicatrix.  196,  204 
ludlces,  crysiallographic,  24 

lefniciivc,  IftS 
lucidence,  jingle  of,  164 
iDcliued  disptrsioi),  228 

heniihcdrous,  47 
Inclusions,  189 
luchistic  niiuenils,  154 
lusoluble  miuenils,  255 
Intel  fereuce  of  light.  173,  177 
colors.  173.  177 

uniaxial  cirstals,  198 
biaxial,  214 
figures,  uniaxial,  199 
Intumescence,  258 
lodyrite  type.  71 
Iridescence.  189 
Iron,  test  for.  203,  265 
Iron  cross,  124 
Isodiamelric  crystals,  192 
Isodimorphism,  251 
Isometric  crystals,  optical  properties,  193 

system,  83,  14 
Isomorphous  group,  250 

mixtures,  251 
Isomorphism,  250 


Jolly  balance,  157 


Klein  solution,  158 


L 


Lamellar  polarizntion.  229 

structure,  142 
Lamp  for  blowpipe,  256 
Law  of  rational  indices,  25 
Lead,  test  for,  261.  262,  265 
Left-handed  crystal,  83,  325 

polarization,  179 
Light,  nature  of,  160 
Light  ray,  163 
Liglit  waves.  162 
Light  velocity,  relation  to  refractive  index, 

168 
Lithium,  test  for,  259,  266 
Luster,  188 

M 

Mncro-axia,  89.  106 
Mncrodomc.  91,  107 
MacropiuMCoid,  90,  107 
Macropnsm.  91,  107 
Macropyramid.  92,  107 
Magnesium,  test  for.  268,  266 


Magnetic  minerals,  287 
Magnetism.  287 
Magnets,  natural,  287 
Malleable  minerals.  154 
Mam  miliary  structure,  148 
Mangiuiese,  test  for,  2iB8,  266 
Margarites,  140 
Manebach  twin,  129,871 
Meauliue.  208 

first,  208 

second,  208 
Mercury,  test  for,  260,  266 

sulphide,  test  for,  260 
Metageuic  twins,  121 
Metallic  adamantine  luster,  189 
Mclullic  luster,  188 
Metal. ic  pearly  luster,  189 
Metals.  241 

Mica  sections  superposed,  227 
Mica-wedge,  213 
Micaceous  structure,  142 
Microcosmic  salt,  v.  Salt  of  phosphorus,  263 
Microlites,  140 
Min  osclerometer,  158 
Miller's  symbols.  24 

system.  124,  88 
Mimetic  cr^'stnls,  12 
Mineral,  artificial,  1,  262 
di'tinition  of,  1 
Mineial  kingdom,  1 
Mineralogy,  science  of,  1,  2 
Models  of  crystals,  17 
Molecular  networks,  18 

structure,  5,  146 

weight,  244 
Molecule,  240,  5 
Molybdeinnn.  tests  for,  260,  261,  268,  266 

Monad.  244 
Monobasic  acid,  246 
Monoclinic  crystals,  98 

optical  characters,  220 
examination  of,  220 
system,  98;  16 
Mossy  structure,  148 

N 

Natural  magnets,  287 
Naumann's  symbols.  24 
Negative  crystal,  209 

biaxial,  149 
uniaxial,  194,  197*  201 

element,  242 

elongation,  218 
Nephelite  type.  78 
Neutral  salt,  247 
Network,  molecular,  18 
Newton's  lings,  174 
Nickel,  test  for,  263.  266 
Nicol  prism,  176 
Niobium,  test  for.  266 
Nitrates,  test  for,  266 
Nodular  structure,  148 
Non-metals,  241 
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Normal  angles,  28 

groups,  14,  88,  58,  66,  89,  99,  107 

salt,  247 
Nugget,  gold,  277 


Octahedron,  84 

square,  55,  66 
Octant,  28 

Ocular.  Bertrand,  211 
Odor.  238 
Opalescence.  189 
Opaque,  186 
Open  tube,  260 
form.  25 
Optic  axes,  204,  207 

axis.  194 
Optical  anomalies,  228 

characters  of  crystalline  aggregates, 

228 
twin  crystals,  226 
effect  of  heat  upon,  224 

pressure  on.  228 
relation  to  chemical  com- 
posiiion.  225 
Order,  prisms  and  pyramids  of  first  and  sec- 
ond,    53, 
54,66 .  67 
third.  71 
rhombohedrons  of  second  and  third, 
80,81 
Ordinary  ray,  194,  205 
Ortho-axis,  98 
Orthodome.  100 
Orthopinacoid.  100 
Orthoprisni,  100 
Orlhopyramid,  101 
Orthorhombic  crystals,  89 

optical  examination, 
229 
system,  89;  16 
Oscillatory  combination,  186 
Oxides.  245 
Oxidizing  flame.  257 
Oxygen  ratio,  249 


Paragenic  twins,  121 
Parallel  extinction,  211 

groupinfi^.  181,  182 

hemihedrons,  48 
Paramagnetic  minerals,  287 
Paramagnetism,  287 
Parameter,  28 
Paramorph.  258 
Paramorphism,  258 
Parting,  148 
Pearly  luster.  189 
Penetration-twin,  120 
Pentagonal  dodecahedron,  48 

tetrahedral,  68 
icositetrahedron,  60 


Pentavalent  element.  244 

Percussion  figure,  149 

Pericline  law  (twinning),  181,  875 

Periodic  law,  242 

Phanero- crystal  line,  142 

Plienacite  type,  80 

Phosphates,  test  for,  255,  259 

Phosphorescence,  190,  259 

Phosphoric  acid,  test  for,  255,  259,  266 

Photo-electricity,  235 

Physictil  characters.  145 

Piezo  electricity,  285 

Pinacoids.  20 

Plagihedral  group.  50 

PIniie-polarized  li^ht,  174 

Plane  of  polarization,  174 

Platinum  wire.  257.  262 

Play  of  colors.  189 

Pleochroic  halos.  219 

Pleochroism.  187 

Pleomorphism,  251 

Point  system,  19 

Polar  iscope,  177,  181 

Polarization.  174 

Polarization-brushes.  219 

-microscope,  188 
Polarized  light.  174 
Polarizer,  177 

Polysyuthetic  twinning,  875 
Positive  crystal,  biaxial.  209.  217 

uniaxial,  194,  197.  201 
element,  242 
elongation.  218 
Potassium,  test  for,  259.  266 
Pressure,  effect  on  optical  characters.  228 

figures,  149 
Primary  opiic  axes,  207 
Principal  axis  or  plane  of  symmetry,  14 

section,  194 
Prisms,  26 

ditrigonal,  88 
hexagonal.  66,  67,  71 
horizontal,  92 
rhombic.  90 
tetragonal.  58 
third  order.  57,  71 
trigonal.  83 
Projection,  basal.  26,  568 

horizontal.  26.  558 
spherical,  27,  554 
drawing  of,  554 
Pseudo-hexagonal  crystals,  12,  127,  864 

-isometric  crystals,  229 
Pseudomorph,  144,  252 
Pseudomorphism,  252 
Pseudosymmetry,  12,  41,  122,  188,  226 
Pycnometer.  15* 
Pyramid,  diametral,  55 
ditrigonal,  74 
hexagonal.  68,  69,  71 
rhombic.  92 
square.  56,  56,  69 
third  order,  69,  71 
trigonal,  88 
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Pyramid,  unit,  56 

Pyramidal  group,  59.  71 

hetnibedrism,  60 
-bemimor])iiic  group,  61,  78 

Pyrite  type,  48 

Pyritjliednil  group,  48 

symmetry,  48 

Pyritohedron.  43 

Pyro-electricity.  284 

PyrojBjuostics,  264 

Q 

Quarter-uudulatioQ  mica  plate. 
Quartz- wedge,  212 

R 

Radiated  structure,  142 
Radical,  cbeniicjil.  245 
Rtilional  indices,  law  of.  25 
Reaction,  chemical.  245 
Rea stents,  chemical,  254 
Keduciug  flame.  257 
Reduction  of  metals,  261 
Reflecting  goniometer,  112,  115 
Refleciiou  of  light,  164  - 
angle  of,  164 
Reflectometer,  180 
Refraction.  166 

double,  172 

strength  of,  172 
index  v.  Refractive  index 
Refractive  equivalent.  169 
index,  166.  168 

determination  of,  170, 180. 

200,  213 
relation  to  light  velocity, 
168 
indices,  principal,  168,  203 
Refractometer,  180 
Relief,  high  or  low,  170 
Reniform  structure,  143 
Resinous  luster,  188 
Reticulated  structure,  142,  143 
Rhombic  prism,  90 

pyramid.  92 
section,  375 
sphenoid,  96 
Rhombohedral  system,  16,  74 

of  Miller.  88 
Rhombohedral-hemimorphic  group,  79 
lilionil>ohedron,  75,  80 
Right-handed  ciysUil,  83,  324 

polarization,  178 
Roa  ting,  261 
Rontgen  rays,  235 

S 

Saline  taste.  238 

Salt  of  phosphorus,  268 

Salts,  247 

Saturation.  245 

Scale  of  fusibility,  258 


Scale  of  hardness,  152 
Scaleuohedron,  77 

tetragonal,  62 

Scheelite  type,  59 

Schiller,  190 

Schillerization.  190 

Scleromeier,  152 

Second  order  prism,  C7 

pyramid.  68 
rhombobcdron,  80 

Secondaiy  optic  axes.  207 

twinning,  122,  148 

Sectant,  28 

Sectile.  154 

Selenite-plate.  201,  218 

Selenium,  tests  for,  260,  261,  266 

Semi-metals,  241 

Semi  transparent,  186 

Separable,  142 

Shining  luster,  189 

Silica,  test  for,  266 

Silky  luster,  189 

Silver,  test  for,  255,  261,  262,  266 

Soda,  use  of,  261,  262 

Sodivmi.  test  for,  259,  266 

Soft  minerals,  152 

Solubility  in  ncids,  264 

Soliuion-planes,  149 

Soustadt  solution,  158 

Sound  waves,  161 

Specific  gravity,  156 

balance,  156,  157 
heat.  233 
refractive  power,  169 

Spectroscope,  170 

Spelter.  21;3 

Splienoid.  62;  rhombic,  96 

Sphenoidal  group,  61,  96 

Spherical  projections,  27 

construction,  554 
triangles,  formulas,  33 

Spherulites.  228,  872 

Splendent  luster,  189 

Splintery  fracture,  152 

Squai  e  prisms,  54,  59 

pyramids,  55.  56,  59 

Stalactitic  structure,  143 

Stauroscopc.  181.  221 

Stellated  structure,  142 

Streak,  187 

Strengih  of  double  refraction,  172,  197,  !« 
212 

Striations,  136 

Strike  figure  u   Percussion-figure,  149 

Strontium,  test  for,  259,  266 

Sublimate,  t>60 

Subtranslucent,  186 

Subtranspnrent,  186 

Subvitreous,  188 

Sulphates,  test  for.  262 

Sulphides.  246,  266 

Sulplu  -salts,  248 

Sulphur,  test  fur,  255,  260,  266 

Sulphurous  odor,  288 
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Bwelling  up,  258 
Symbol,  cbemicnl.  240 

ci^stallographic,  28 
Symmetry,  8 

nxis  of,  0 

center  of,  10 

exhibited  by   spherical  projec- 

tiou.  29 
groups  of,  18* 
plaues  of,  9 
Synthesis,  mineral,  252 
System,  hexagonal,  65 
isometric.  83 
monoclinic,  98 
orthorhombic.  89 
rhombohedral,  74 
tetragonal,  53 
triclinic,  106 
Systems  of  crystallization,  18 


Tangent  relation,  81 

Tarnish,  190 

Taste,  238 

Tellurium,  tests  for,  260,  261,  267 

Tenacity,  154 

Test  paper,  256 

Tetartohedral  forms,  18 

groups,  51 ,  68 

Tetragonal  crystals,  53 

scalcnohedron,  62 
symmetry,  10 
system,  53;  15 
trnpezohedrou,  68 
trisoctahedron,  38 
tristctrahedron,  48 

Tetrahedral  group,  46,  51 

Tetrahedrite  type,  46 

Tetrahedron,  46 

Tetriihexiihedron,  36 

Tetravalent  element,  244 

Theodolite  goniometer,  117 

Thermo-electricity,  235 

Third-order  prism,  59,  71 

pyramid,  59,  71 
rboinbohedron,  81 

Thoulet  solution,  158 

Tin,  test  for.  261.  262,  267 

Titanium,  test  for,  264.  267 

Total  reflection,  169 

reflectometer.  180 

Tourmaline  type,  79 
toiii;8  ,181 

Translucent,  186 

Trnnspurency.  1H6 

Transpaieni.  186 

Tnipezohudral  group,  63.  73,  82 

Trapezohedron,  38,  63,  74,  82 

hexagonal,  74 
tcgiraonal,  68 
trigonal,  82 

Tribasic  acid,  244 

Trichite,  140 


Triclinic  crystals,  106 

optical  characters  of,  229 
division,  74 
system.  106 
symmetry,  9 
Trigonal  prism,  83 

pyramid,  88 
trapezohedron,  82 
trisoctahedron,  86 
tristetrahedron,  ^ 
Trigondodecahedron,  48 
Trigonotype  group,  74 
Trimorphous,  251 
Trisoctahedrous,  36,  88 
Tri-rhombohedral  group,  80 
Tristelrahedrons,  48 
Trivalent  element.  244 
Truncate,  truncation,  85 
Tungsten,  test  for,  267 
Twin  crystals,  118 

drawing  of,  552 
optical  characters,  226 
Twinning  axis,  119 

plane,  119 
Twinning,  polysynthetic,  121 
repeated,  121 
secondary,  122,  148 

U 

Ullmanite  type,  51 
Ultra-blue,  428 
Uneven  fracture,  152 
Uniaxial  crystals,  192 

optical  characters,  198 
examination,  197 
Unit  form,  25 

prism,  54,  90,  101,  107 

pyramid,  92,  101,  107 
Univalent  element.  244 
Unmeiallic  luster,  188 
Uranium,  tests  for,  263,  264,  267 
Uralitization,  401 


Valence.  244 

Vanadium,  test  for,  263,  264,  267 

Velocity  of  light,  162 

relation  to  refractive  in 
dex,  168 
Vanadates.  112 
Vesicular  bead,  135 
Vibration  directions,  197,  203,  211 

relation  to  ether-axes,  211 
Vicinal  forms,  20,  41 
Vitreous  luster,  188 

W 

Water  of  crystallization,  248 
Water-waves,  161 
Wave-front,  163 
Wave-length,  162,  164 
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Wave-motion,  161 
Wave-surface,  biaxial  crystals,  204 

uniaxial  crystals,  194 
Waxy  luster.  89 
Westphal  balnnce,  148 
White  light,  164 
Widrnftustatten  lines,  281 
Wulfenitetype,  61 


X-rays,  280 


Zinc,  test  for,  261,  267 
Zircon  type,  58 
Zirconium,  test  for,  267 
Zircouoid,  57 
Zonal  equiitions,  29 
Zone.  26,  29 
Zone-nxis,  26 
Zone-circle,  27 
Zone-symbol,  29 
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Aarite,  v.  Arite,  295 
AbriachaDite,  404 
Aaidialite,  458 
Acanthite,  290 
Acerdese,  v.  MaDgaoite 
Achmatite,  439 
Achroiie,  448 
Acmite.  891 

Actinolite,  Actinote,  400 
Adamantino  spar,  883 
Adam i  lie,  505 
Adamite,  505 
Adelite.  502 

Adipocire,  v.  Hatcliettite 
Adular.  Adularia,  372 
i¥:delite.  442 
JEgW'iwe,  391 
iEfijlriie,  391 
^girite-aiigite.  390 
^iiigmatite,  405 
iEschyuile.  493 
Agalite.  480 
Agalmatoltte,  466 
Agaric  mineral,  356 
Agate.  826 
Agate  iasppr,  327 
Agrinolile,  419 
Aguilarite,  289 
Aikinitc.  310 
Alabandin,  292 
Alabandite.  292 
Alabaster,  532 

Oriental,  356 
Alalitc.  888 
Alaskaite.  308 
Alatin.  V  Alum,  585 
Alaunstein,  537 
All)erlile,  545 
Ali»ite,  377 
Alexandrite,  S4X 
Algodonite.  286 
Alisouite,  288 
Allactite,  Allaktit,  506 
Allagite.  896 
Allnnite,  440 
AllemoDtite,  275 


Allochroite,  417 
Alloclasite,  Alloklas,  804 
Allopalladium,  281 
Allopbaue,  483 
Almandine,   Almandlte,  416; 

338 
Alshedite,  486 
Alstonite,  f.  Bromlite,  862 
Aitaite,  288 
Alum,  535 
Aliimian,  530 
Alumina.  333 
Aluminates,  337  et  seq. 
Aluminite.  537 
Aluminium  borate,  518 

carbonate,  366 

cbloride,  321  ' 

fluorides.  321,  328 

by d rates.  348,  851 

mellate,  542 

oxide.  333.  348.  851 

pbosphates.  506,  510,  etc. 

silicaus,   431.    432.    433, 
434,  481,  482,  488,  etc. 

sulphates.  523,  530,  535. 
537 
Aluminium  ore,  851 
Alumstone.  537 
Aluniie,  537 
Alunogen,  535 
Ahngite,  470 
Amalgam,  279 
Amarantite,  536 
Amazonite,  374 
Amazonstotic,  374 
Amber,  543;  276 
Amblygoniie,  508 
Amblystegite,  386 
Amesite,  475 
A  met  by  St.  326 

Oriental.  388 
Amiaiitbus,  401,  477 
Ammiolite,  516 
Ammonium,  carbonate,  864 

chloride  319 

oxalate,  542 

phosphates.  510.  etc, 

sulpbatea,  528,  etc. 


Ampbibole,  899 
Amphibolb  Group,  897 

Amphibole-antbophyllite,401 
Amphig^ne.  881 
Amphodelite,  380 
Analcimc,  460 
Analcite,  460 
Anatase,  346 
Andalusite.  432 
Andesine,  379 
Andorlte.  308 
Andradite,  417 
Andrewsite,  514 
Anglesile.  527 
Anbydrite,  528 
Animikite.  286 
Ankerite.  358 
Annabergite,  509 
AnnerOdite,  493 
Annite.  470 
Anomite,  468 
Anorthitc,  380 

Anortbochise,  Anortbose,  874 
Anlhophyllite.  398 
Hydious.  398 
Anthracite,  546 
Antlgorile,  477 
Antimonarsen,  v.  Allemontite 

AXTIMONATES,  516 

Aniimonblende.  305 

Antimonglanz,  283 

Antimonides,  296.  etc, 

Antimonite.  283 

Antimonites,  516 

Anlimoniiickel.  296 

Anlimonsilber.  286 

Aiitimonsilberblc  nde,  811  • 

Antimony.  Arsenical,  275 
Gray,  283 
Native,  275 
Red.  p.  Kermesite 
White.  330 

Antimony  oxides.  330 
oxvsnlphide.  305 
sulphide.  283,  284 

Antimonblcnde.  v.  Kermesite 

Antimony  glance.  28S 

Antlerite*  580 

57Q 


580 
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Apatite,  497 

Aphnndse.  Apbauesile,  505 

AMhiile,  355 

ApUrizitc,  448 

Aphrosiderile.  475 

Aphthalosc,  523 

Aphthitalite.  523 

Apiohuile,  537 

Aplome.  417 

Apopliyllite,  452 

Apotome.  520 

Aquamarine   406 

Ai'a;i>xene,  505 

ArMgouitf,  301 

Arcanitf,  523 

Anlemiiie,  445 

Arendalile,  439 

Arfvedsoiiite,  405 

Arisen  line,  355 

Aii'enlite.  288 

Aigeniobisinuiile,  tJ.Matiltide 

Ars^yrodite,  316 

Arile.  295 

Arknnsitc,  347 

Arquei  ite,  279 

Arnigonile,  v.  Aragonite,  361 

AllSKiNATES.  494 

Arsenic,  274 

Antiinonial.  275 

Native,  274 

vVIiile,  330 
Arseuic  oxide,  330 

sulpbide.  282 

AUSBNIDES    285 

Arseuikalkies,  303 
Arsenikkies,  303 
Arseniopleile,  507 
Arseniosiuerile,  506 
Arson kies.  303 
Arsenolite.  330 
Arseuopyrite,  803 
Arsensilberblende,  311 
Asbestos,  Asbestus,  401,  477 

Blue,  404 
Asbolan,  352 
Asbolite.  352 
Ascharite,  519 
Asmanite,  328 
Asparngiis  slone,  498 
Aspasiolite,  408 
Asplialtutn,  545 
Asteria.  333 
Asteriated  quartz,  326 

sjipphire.  333 
Astrakunite.  535 
Astropbyllilc,  487 
Atacamite,  322 
Atelestile.  507 
Atopite.  516 
Attacolite,  513 
Auerlite,  430 
Augclitc,  513 
Augite.  390 
Auraiite,  408 


I  Auricbalcite,  866 
Auripigmeutum,  288 
Automolite,  339 
Autunite,  515 
Aventurine  feldspar,  878 

quartz.  826 
Ax-stone,  394 
Axiuite,  441 
Awannte,  281 
Azurite,  365 


B 


Babingtonite,  396 

Bad.kieyile,  346 

Bngraiionite,  439 

Bnikalile.  389 

lialas  ruby,  338 
j  Bjiliimorite.  477 
,  Bam  lite.  434 

Baricalcite,  856 

Barite.  524 

Barium  carbonate,  362,  384 
nitrate,  517 
silicate,  373,881.408,454, 

456.  460,  etc. 
sulpbate.  524 

Bariumuranit,  515 

Barkevikite,  405 

Barrandite,  510 

Barsowite,  481 

Barylite,  408 

Barysilite,  408 

Baryt,  Barytes,  524 

Baryta,  t;.  Barium 

Baryta-feldspar,  378,  381 

Barytocalcite,  364 

Baryturanit.  515 

Basanite,  327 

Bast  ite.  386 

Btistnasite,  Bastnaesite,  864 

Batbvillite,  543 

Batracbite,  422 

Bauxite,  350 

Bayldonite,  511 

Beaumontite,  454 

Be^iuxite,  350 

Becbili'e,  521 

Becgerite,  314 

Bt'listein,  v.  Nephrite 

Bell- metal  ore.  815 

Bi'loncsite.  542 

lienientite,  484 

Bt'rauntc*.  513 

Bergauuiskite,  402 

Bergblau,  v.  Azurite 

Benrkrvstall.  v.  Quartz 

Bergholz.  401 

Bergleder,  401 

Bcrgmannite.  461 

Bergmehl.  356 

Bergmilcb.  356 

Berg5l,  544 

Bergpecb,  545 


Bergsalz,  318 

Bergseife,  482 

Bergtheer,  v.  Pittasphalt,  544 

Berlinite.  518 

Bernstein,  548 

Bertbierite.  308 

Bertraudite,  446 

Beryl.  405 

Beryllium  aluminate,  842 

borate.  518 

phosl^!late,  503 

silicate,    405,   407,    423. 
486.  446 
Beryllonite,  496 
Berzeliaidte.  289 
Berzeliile,  495 
Beudantite,  516 
Beyricbite  295 
Bieberile,  534 
Bi  Id  stein,  v.  Agalmntolite 
Bindbeiniite,  516 
Bin n ite,  308 
Biotina,  Biotine,  381 
Biotiie,  467 
Biscboliic,  823 
Bismite,  330 
Bismutb.  Native,  275 
Bismuth  arsenate,  507 

carbonate.  864,  867 

oxide,  330 

oxycbloride.  822 

selenide.  284 

silicate,  414 

sulpbide.  284 

tell  urate.  588 

telluride,  284 

uninale.  515 

vanadate,  496 
Bismutb  glance,  284 
Bismuth  gold,  276 
Bismutb  ocber.  380 
Bismuthinite.  284 
Bismutite.  367 
Bismutosmaltite,  802 
Bismutosphseiite,  864 
Bittersalz.  v.  Epsomite 
Bitter    spar,    Bitterspath,  • 

Dolomite 
Bi  I  union,  544.  545 
Bituminous  coal,  546 
Bixbyilo.  348 
Bjrlkite.  309 
Black  jac  k.  291 
Black  lead.  273 
Biaitertellur,    «.   Nagyngite 

305 
Blaueisone  do.  v.  Vivianite 
Bloi.  Gediogon.  279 
Bleiantiinonfflauz,  807 
Bloiglanz,  2^7 
Bleinldre.  Bleinierite, «.  Bind 

beimite 
Bleiscbwt  if,  288 
Bleivitrol.  527 
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Blende.  391 
Bledite,  535 
Bicedite.  Bloedite,  585 
Bluodstoue.  826 
Blue  nsbestus.  404 

iron  earth,  508 

johD.  820 

malachite,  v.  Azurite 

vitriol,  584 
Bobienitc,  508 
Boghead  cannel,  546 
Bog- iron  ore,  850 

maDgunese,  853 
Bole.  Botiis.  483 
Boleite.  322 
Bologna  slone,  535 
Boltonite,  422 
Bone- phosphate,  499 

turquoise.  512 
Bonsdorfflte,  408 
Boort,  272 
Bonicic  acid.  853 
Bora  cite,  518 
Borates.  518 
Borax.  520 
Borickite,  514 
Boric  acid,  853 
Bornite,  397 
BoroD  hydrate,  853 

silicate,  481,  485 
Boron  Htrocalcite,  530 
Bort,  272 
Bostonite,  478 
Botryogeu,  587 
Botryolite,  486 
Boulangerite,  309 
Bouruonite,  810 
BouBsingaultite,  585 
Boweuite,  477 
Brackebuschite,  505 
Bragite.490 
Brandisite,  471 
Brandtite.  507 
Brauneisenstein,  850 
Bmunite.  848 
Braunkohle.  546 
Braunstein.  Qrauer,  v»  Pyro- 

lusite 
Brazil iai)  pebble.  825 

emerald,  448 

sapphire,  448 
Brazil  it  e,  846 
Bredbercite.  417 
Breislakite,  402 
Breithauptite.  296 
Breuuerite,  858 
Breunnerite.  858 
Brevicite.  461 
Brewsterite,  454 
Brittle  silver  ore,  814 
Brocbantite.  580 
BrCggerite,  531 
Bromides.  819 
Bromlite,  863 


Broniyrite,  819 

Bioiiguartine,  530 

Bronguiardite,  309 

Bronzite,  5:85 

Brookiie,  347 

Brown  coal.  546 
iron  ore.  350 
iron  stone.  350 
hemaiite,  850 
ocher.  850 
spar,  358 

Brucite.  351 

Brush iie.  510 

Bucholzite.  434 

Buckiandite,  439.  440 

Buhi-stone,  327 

Bunsenite.  832 

Buntkupfererz,  297 

Burrstone.  327 

Bushmanite,  535 

Bustamite.  896 

Buttermilcherz,  819 

Byssolite,  401 

Bytownile,  879 


Cabreite,  509 
Cacholong,  839 
Cacoxenite,  Cacoxene,  518 
Cadmia.  447 
Cadmium  sulphide,  394 
Cadmium  blende,  v.  Green- 

ockite,  394 
Caesium  silicate,  883 
Cainosite,  v.  Cenosite,  488 
Cairngorm  stone,  836 
Caking  coal,  546 
Calamine,  446;  860 
Calaverite,  805 
Calc  sinter,  856 

spar,  854 

tufa,  356 
Calcioferrite.  514 
Calciostrontianite,  868 
Calciovolborthite,  505 
Calcitc,  354 
Calcium  arsenate,  510,  ete, 

antimonate,  516 

borate.  519,  5'iO,  etc, 

carl)onate,  354,  861 

chloride.  321 

fluoride,  320 

iodate,  517 

molybdate,  541 

niobatc.  489,  etc. 

nitrate.  517 

oxalate,  542 

oxy fluoride,  833 

phosphate,  497,  607,  510, 
etc. 

silicate,  895,  380,  etc. 

sulphate.  528.  581,  ete, 

sulphide,  393 


Calcium  tantalate,  489 

titanate.  485.  487 

tungstate,  540 
Calelonite,  530 
Callainite.  Callnis,  510 
Calomel.  317 
Campyhle,  500 
Canaanite,  889 
Cancrinite,  411 
Canfleldite.  316 
Cannel  coal.  546 
Ca<)u»chouc,  Mineral,  545 
Capillary  pyrites,  395 
Caporcianiie,  457 
Cappelenile,  407 
Caracnliie.  530 
Carbon,  272 
Carbonado.  272 
Carbonates.  358 
Carminite,  496 
Carminspath.  496 
Carnallite,  823 
Carnelian,  326 
Carneol,  v.  Carnelian 
Carpholite.  447 
Carphosiderite,  586 
Carrol  lite,  297 
Caryinite.  495 
Caryocerite,  407 
Caryopilite,  484 
Cassiteiite,  di4 
Castanite,  586 
Castor,  Castorite.  869 
Caswellite,  469 
Catapleiite.  407 
Cataspilite,  408 
Cat's  eye,  842,  826 
Cauk.  Cawk.  525 
Celadonite,  481 
Celestine,  536 
Celestite,  526 
Celsian.  881 
Cenosite,  488 
Cerargyrite.  319 
Cerile,  447 
Cerium  carbonate,  864 

fluoride,  821 ,  322 

niobates,  489 

phosphates,  495.  509 

silicates,  440  447.487.d«R 
Cerussite,  Cerusite,  363 
Cervantite.  330 
Ceylanite,  Ceylonite,  888 
Chabasie,  458 
Chabazite.  458 
Chalcanthite,  534 
Chalcedony,  326 
Chalcocite,  290 
Chalcodite.  476 
Chalcomenite,  538 
Chaloophanite,  853 
Chalcophyllite.  511 
Chalcopyrite,  397 
Cbalcosiderite,  514 
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Clialcosiue,  290 
Chalcostibite,  808 
Chalcotrichite.  831 
Chulk.  856 

Freuch,  479 
Chulybite,  359 
Chninoisite,  Cbamosite,  476 
Clmthamile.  801 
CiiemawiDil€,  548 
Chc'Devixite,  514 
Chert,  327 
Cliessy  copper,  365 
CIu'ss>  lite,  865 
Chesie.lile,  874 
ChiasK  lite.  438 
Cbildrtnile.  513 
Cbileniie,  286 
Cbiolite,  321 
Cbiviatite,  307 
Cbladnite.  384 
CbloaDtbite.  301 
Cbloralluminite,  321 
Cblor-apatite.  498 
Cblorblei,  v,  Cotunuite 
Chlouidls,  317 
Chlorite,  472 
Chlorite  Group,  472 
Chloritoid.  471 
Chloritspath,  471 
Chlorocnlcitc.  821 
Chloromnguesiie,  321 
CliIoroiueluDite,  394 
Cbloropal,  484 
Chlorophceile,  475 
Cfiloropbane.  320 
Chlorophyllite,  408 
Chlorquecksilber,  317 
Chlorospinel,  338 
Chlorsilber  r.  Cerargyrite 
Chondrarsenite,  505 
Chondrodite,  44;J 
Chri-iiiatine,  Chrismalite,  543 
Christ  ianitc,  381 
Chrislolmlite,  328 
Christophite,  291 
Chkomates,  5*29,  etc. 
Chrome  diopside,  389 
Chrome  spinel,  338 
Chromeiseiistein.  v.  Cbroraile 
Chromic  iron,  341 
Cinomite,  341 
Chromium  oxide.  341 

sulphate,  537 

sulphide,  297 
Clnvsoberyl,  342 
ChrysocoUa,  483 
Chrysolite,  420 
Chrysolite  Group,  419 
Clirysopruse.  326 
Cbrys  tile.  477 
ChurclMte.  509 
Cimolite,  482 
Ciunabar,  293 

Iiitiammable,  544 


CiDnamou-stoDe,  416 

Cirrolite.  .^06 

Citrine,  326 

Clarite,  315 

Claudetile.  330 

Clausthalite.  288 

Clay,  481  et  seg. 

Clay  iroii'Stone,  385 
Brown.  850 

Clcavehindile,  878 

Cleiophune,  292 

Cleveiie.  521 

Clifloniie.  273 

Clinochlore.  478 

Clinoclase,  505 

Clinoclasite,  505 

Clinohedrile.  447 

Clinohumite,  443 

Clinlonite,  471 

Clintonite  Group,  470 

Ciinozoisiie,  439 

Coid,  Mineral,  545.  546 

Cobalt  arsenate,  507,  509 
carbonate,  361,  367 
arsenide,   801,   802,  803, 

804 
selenite,  588 
sulph -arsenide,  801 
sulphate,  584 

Cobalt  sulphide,  301 

Cobalt  bloom,  509 

Cobalt  glance,  v.  Cobaltile 

Cobaltine,  301 

Cobalt  it  e.  301 

Cobaltomenile,  538 

Coccolite,  389 

Coeh'stine,  526 

Coeiulcolaclite,  513 

Cohenite.  281 

Coke,  546 

Colcnianite,  519 

Colestine,  r.  Celeslite 

Collophanite.  507 

Colly  rite,  483 

Coh)ph(miie,  417,  428 

Coloradoite,  292 

COLUM  BATES,    V.    NiOBATBB, 

489 
Coliimbile.  490 
'  (^>mpt()nite,  463 
'Coiifolensite,  482 
C'oiiichalciie.  OH 
Connariie.  4H0 
CoMiicllite,  530 
Co-)k('ifc.  467 
Copal.  Fossil.  543 
Copalinc,  Copalite,  543 
Copiapite.  536 
Copper,  2T8 

Kmerahl,  v.  Dioplase,  424 

Gray.  312 

Indigo,  V  Covellilc,  294 

Native,  278 

Red,  V,  Cuprite,  880 


Copper,  Vitreous,  v.  Cbalco- 
cite,  290 

Yellow.  297 
Copper  arsenate.  504, 505, 511, 
€te. 

arsenide,  286 

carbonate.  864,  865 

cbloride,  817,  322,  823 

manganate^  848 

iodide,  817,  819 

nitrate.  517 

oxides.  831,  882 

oxychlorides,  322,  828 

phosphates.  504,  511.  ete, 

selenides,  289 

selei  ite,  538 

silicates.  424.  483 

sulphantiinonate,  815 

sulphantimouites,  806  M 
seq. 

sulpharsenates,  815 

sulpharsenite,  808,  etc. 

sulphates,  528.  580;  by. 
drous,  534  et  seg. 

sulphides,  290.  294. 297  «< 
$eq. 

sulpho-bismutbites,  806 

tungstate.  541 

vanadates,  505 
Copper  glance.  290 
Copper  mica,  515 
Copper  nickel,  295 
Copper  pyrites.  297 
Copper  uranite.  515 
Copper  vitriol.  584 
Copi)era8,  584 
Coprolites.  499 
Coquinibite,  585 
Cordierite,  407 
Corn  wall  ite,  511 
Corundophilite.  475 
Corunilum.  388 
Corynile,  802 
Cosalite,  309 
Cossyrite,  405 
Cotiuinite,  321 
Couserauite,  426 
Coveliite.  Covelline,  294 
Crednerile,  343 
Crichtonite,  887 
Cristobal  ite,  328 
CrocMlite.  462 
Crocidolite.  404 
Crocoiie,  Crocoisite,  629 
Croni  ford  lie.  v  PhosgeDita 
Cronstedtile,  475 
Crookesile,  289 
Crossite,  405 
Cryolite,  321 
Cryophvllite.  467 
Cryptol'ite.  495 
Cryptoi>erthite.  878 
Cuban,  297 
Cubanite.  297 
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ore,  V.  Pbarmacosider- 

spar,  V,  Anhydrite 
i^eeite.  476 
ugite,  822 
liugtonite,  401 
te.  880 

bismutite,  307 
liescloizite,  505 
iodarg^rite,  819 

8cbeelile»  641 
tuDgstite,  541 
line,  441 
te,  484 
tchroite,  585 
•tricbite,  586 
pile.  880 
Irite,  816 
lolite,  898 
pbane,  842 
le,  428 
isite,  587 
lie,  480 


te.  499 

urite,  465 

te.  804 

ile,  414 

irite.  431 

jmorite,  401 

«kite,  517 

lite.  485 

te,  Dntolith,  485 

xeite,  Diiubreite,  822 

reelite,  297 

Semite,  406 

«iite.  322 

le,  Dnvina,  411 

Diiiie,  3G6 

mite,  505 

jite,  475 

inltc.  439 

uxite,  Ddvauxene,  518 

nt,  V  Diamond,  271 

ntoid.  417 

lite.  516 

'shire  spur,  320 

)izite,  505 

iiie,  456 

lezite,  516 

iquite,  445 

vlite,  479 

utile,  475 

cbite,  516 

ge.  389 

»gile,  Dialogite,  859 

mt.  271 

itid,  271 

ond,       Bristol,       Lake 

»rge.  325 

le.  491 


Diapborite.  309 
Diaspore,  348 
Diatomite,  829 
Dicbroite,  407 
Dickiusonite,  507 
Dietricbite.  585 
Dietzeile,  517 
Dibydrite,  505 
Diopside,  388 
Dioptase,  424 
Dipyre.  426 
Disieirite,  471 
Distbeue,  434 
Dog-loot  b  spar,  855 
Doieropbanite,  580 
Dolomite,  857 
Donieykite,  286 
Doniiugite,  308 
Doppelspatb.  855 
Dopplerite.  544 
Double-refracting  spar,  855 
Douglasite,  823 
Dreelite.  525 
Dry-bone.  360 
Dudleyile.  476 
Dufrenite,  506 
Dufrenoysite,  809 
Dumortierite.  449 
Durnngite,  508 
Durdenite,  538 
Dysuualyte,  488 
Dyscrasite,  286 
Dysliiite.  839 
Dy  sod  ile,  544 
Dyssnile,  396 
Dysynlribite,  410,  466 

E 

Ecdemite,  516 
Ecume  de  Mer,  480 
Edelitc.  442 
Edenile,  402 
Edingtonitc.  460 
Egemn.  428 
Ehlite.  505 
Eicbwaldite,  518 
Eisen,  v.  Iron,  281 
Eisenblaii,  v.  Vivianite 
Eisenbmtbe,  361 
Eisenglanz,  834 
Eisen^limmer,  385 
Eisenkies,  800,  808 
Eisennickelkies,  298 
Eisen platin,  280 
Eisen rabm,  335 
Eisenrosen,  835 
Eisenspatb.  359 
Eisenstnssfiirtite,  519 
Eisspatb.  872 
Eisstein,  321 
Ekdemite.  516 
Elsolite,  410 
Elalerile,  545 


Electrum,  276,  548 
Elements,  271  et  ssq, 
Eleolile,  410 
Eleonorite,  518 
Elpidite.  407 
Embolite,  819 
Embritbite,  809 
Emernld,  406 
Oriental,  406 
Uralian,  418 
Emerald  copper,  «.  Dioptase, 

424 
Emerald  nickel,  867 
Emery,  888 
Emmoiisite,  588 
Emplectite,  Emplektit,  808 
Ennrgite,  315 
Endellionite,  v.  Bournonita^ 

810 
Endlicbite,  501 
Enstatite.  884 
Eospborite,  514 
Epiboulangerite,  815 
Epicblorite,  475 
Epididymite.  869 
Epidotb  Group,  487 
Epidote,  488 
Epigenite,  315 
Epistilbite,  454 
Epsom  salt,  588 
Epsomite  533 
Erbium  niobate.  490,  498 
Erbsenstein.  856 
Erdkobnlt.  v.  Asbolite 
ErdOI,  544 
Erdpecb,  545 
Erdwacbs,  548 
Erinile.  505 
Erubescite,  297 
Erytbrile,  509 
Erylbrosiderite,  828 
Erytbrozincite,  295 
Esmarkite,  408 
Essonite,  416 
Fltringitc,  588 
Eucuirite,  289 
Eucbroite,  511 
Euclase,  436 
Eucolite,  407 
Eucolite-titanite,  486 
Eucryptite,  410 
Eiidialyte.  407 
Eudidymite,  869 
Eudyalite.  407 
Engenglanz.  314 
Eukairite.  289 
Euklas.  436 
Euly  tine,  414 
Eulytite,  414 
Eupyrchroite,  498 
Euralite.  475 
Eusynrbite.  506 
Euxenite,493 
ETansite,  518 
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Facellite,  410 
Falilerz.  Fahlore,  812 
Fiihluiiiie.  408 
Fairfleldite.  507 
FalkcDbayuite.  812 
Fainatinite.  815 
Faserkiese].  484 
Faserzeolitli,  «.  Natrolite 
Faaaaite.  800 
Fuujasite,  460 
Fayalite.  422 

Feather-alum,  v.  Halotricbite 
Featberore,  309 
Fcdererz,  309 
Feldspar  Group,  869 
Feldspar.  Baryta.  373,  881 

Blue  V.  Lazulite 

CoinuiOD,  372 

Glassy,  372 

Labrador,  379 

Lime,  880 

Potash,  870,  878 

Soda.  877 
Felsttbanyite,  587 
Felspar,  v.  Feldspar 
Fergiisonite,  490 
Ferrates.  887 
Ferrocalcite,  356 
Ferrogoslarite.  588 
Ferronatrite,  586  I 

Feuerblende  v.  Pyrostilpnite, 

312 
Fibroferrite.  586 
Fibrolite,  438 
Fichtelile,  543 
Fiedlerite,  322 
Fillowiie,  507 
Fiorite,  329 
Fire  opal.  329 

marble,  356 
Firebleude    r.  Pyroslilpnite, 

312 
Fischerite,  512 
FlGcbes  d'amour,  345 
Flinkite.  506 
Fliut,  327 
Float-stone,  329 
Flos  ferri,  861 
Fluellite,  323 
Fluocerite,  322 
Fluor  V.  Fluorlte. 
Fluor-aputite.  498 
Fluor  spar.  320 
Fluorides.  320  et  teg. 
Fluoriie.  320 
Flussspatb,  320 
Foliated    tellurium  v,   Nag- 

yagite,  305 
FouUiiiiebleau  limestone,  355 
Footeile.  323 
Foibesite,  510 
Forsterite,  422 


Fossil  copal,  548 

wood,  326,  329 
Fouqueite,  439 
Fowlerite,  396 
Frauckeite.  816 
Fnincolite.  498 
Franklinite,  341 
Fraueneis,  v,  Selenite 
Frauenglas.  v.  Mica 
Fredricite,  318 
Freibergite,  813 
Freieslebenite,  309 
French  chalk,  479 
Freuzelite,  284 
Friedelite.  424 
Frieseite,  290 
Fuchsitc,  466 

Q 

Gndoliuite.  486 
Gahnite.  839 
Galactite.  461 
Galnpectite,  482 
Galena,  Galeuite,  287 
Galcua.  False.  291 
Galenobisiuutite,  808 
Galmei.  446 
Ganomalite,  408 
Gnnopliyllile,  452 
Garnet,  415 

Cinnamon,  416 

Chrome.  417 

Grossular,  416 

Oriental,  416 

Precious,  416 

Tetrabedral,  v.  Helvite 

White,  V.  Leucite 
Gainierite,  479 
Gostaldife.  404 
Guy-Lussite,  866 
Gearksutite.  328 
Gedanite.  543 
Gedrite,  398 
Geblenite.  427 
Geikielite.  488 
GekrOsstein,  528 
Gelbbleierz.  541 
Gclbeisenerz,  587 
Gelbeisenstein,  850 
Gcntliite.  479 
Geocerellite,  544 
Geocerite.  544 
Geooronite,  314 
Geomyricile,  544 
Gerliardtite,  517 

Ge  KM  A  NATES.  816 

Gersdorffite,  302 
Geyerite,  308 
Geyserite.  329 
Gibbsite.  351 
Gieseckite.  410.  466 
Gigantolite.  408,  466 
Gilbertite,  435 


Gtisonite.  545 
Gips,  V.  Gypsum 
Gira»o1.  829 
Gismondine,  457 
Gismoudite,  467 
Glance  coal,  546 

Cobalt,  V,  Cobaltite 

Copper,  V,  Chalcocita 
Glauzeijsenerz.  385 
Glanzkoble.  546 
Glaserite,  v.  Aphtbitalite 
Glaskopf,  Brauner,  850 

Bother,  v.  Hematite,  385 
Glassy  Feldspar,  872 
Glauber  salt.  531 
Glauberite,  528 
Glaucodot,  304 
Glaucoliie.  426 
Glauconile,  481 
Glaucophane.  403 
Glaukodot.  304 
Glessite,  548 
Glimmer,  v.  Mica 
Globosite,  513 
Glockerite,  536 
Glucinum,  v.  Beryllium 
Gmelinite,  459 
Goethite,  849 
Gold,  275 

Gold  tellurides,  804,  805 
Goshenite,  406 
Goslarite.  583 
G^thite,  849 
Goyazile.  514 
Grahamite,  545 
Grainenite,  Graminite,  484 
Grammatite,  401 
Grauat,  v.  Garnet 
Graphic  tellurium,  804 
Graphite.  278 
Gray  antimony.  288 

copper,  312 
Green  lead  ore,  499 
Greenockite,  294 
Greenovite,  486 
Greuat.  v.  Ghirnei 
Griphite.  502 

Grossular.  Grossularite,  416 
Grothite,  486 
GrQnauite,  290 
GrOubleierz,  499 
GrQneiseneitlc,  v.  Diifrenile 
Grtlnerite,  401 
Guadalcazarite,  293 
Guanajuntite.  284 
Guano.  499 
Guarinite,  487 
Guejarite.  308 
Guitermanite.  310 
Gummierz.  522 
Gum  mite,  522 
Gymnite,  479 
Gypsum,  Gyps,  581 
Gyrolite.  452 
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flaarkies,  295,  803 
Uaui-siilz.  538 

HseiuRtiie,  v.  Hematite,  884 
Haidiugerite,  510 
Hair  salt.  583 
Halite,  818 
Hallite,  476 
Halloysite.  481 
Halotricbite.  585 
Hamartite,  864 
Hnmbergite,  518 
Hamliuite,  508 
Hanksite,  530 
Hannayite,  510 
Huplome,  417 
HnrlequiD  opnl,  v.  Opal 
Harmotome,  456 
Harstigite.  442 
Hartite,  548 
Hastiogsite,  402 
Hatclu'ttiue,  Hatchettite,  548 
HatchettoHte,  489 
Hauchecornite,  295 
Hauente.  801 
Haughtouite,  468 
Hausinaunite,  842 
Hautefeuillite,  508 
Hiiayue,  412 
Haayoite,  412 
Haydeniie,  458 
Heavy  spar,  524 
Hebronite.  508 
Hedenbergite,  389 
Heilyphaue,  501 
Heiuizite.  520 
Heliopbyllite.  516 
Heliotrope,  826 
Helvite.  Helvine,  414 
Hemafibrite.  511 
Hematite,  884 

Brown,  850 
Hematolite.  507 
Heniatostibiite,  507 
Hemimorphite,  446 
Henwoodtte,  514 
Hepatic  cinnabar,  294 
Hercynite,  889 
Herderite,  503 
HerreAgrundite,  586 
Herschelite.  458 
Hessito  289 
Heflionite,  416 
Heteroclin.  843 
Heulandite,  454 
Hielmite,  Hielmit,  498 
Hieratite,  321 
Hiddeuite.  893 
Higligate  resin,  548 
Himlieerspatb,  859 
Hintzeitc.  520 
Hiortdahlite,  896 
HitlDgerite,  484 


Hoeferile,  484 
Hoernesite,  508 
Hobmannite,  586 
Holzopal.  3^9 
Holzzinnerz,  344 
Homilite.  436 
Honey-stone,   Honigstein, 

Me)  lite 
Hopeile.  507 
Horbncbite.  296 
Horn  quicksiWer,  817 
Horn  silver.  319 
Horiiblei,  f>.  Pbosgenite 
Hoinbleude.  399.  402 
HOrnesit,  Hornsilber,  819 
Hornstoue,  827 
Horse-flesb  ore,  297 
Horsfordite,  286 
Hurtouolite,  422 
Howlite,  519 
Hunnlajjiylie,  818 
Httbnerite.  539 
Hullite,  475 
Humboltlne,  542 
Humboldtilite,  426 
Humboldtlte.  486 
Huniite,  448 
Huntillte,  286 
Hiireaulite,  510 
Hyacbitb.  429;  416 
Hyalite,  829 
Hyalopbaue,  878 
Hyalosiderite,  420 
Hyalotekite,  408 
Hydrargillite.  351 
Hydraulic  limestone,  856 
Hydroboracite,  521 
Hydrocarbons,  543 
Hydrocerussite,  866 
Hydrocyanite,  528 
Hydrofrauklinite,  862 
Hydrogiobertite,  367 
Hydrpbematite,  850 
Hydromaguesite,  867 
Hydromica,  465 
Hydromuscovite,  465 
HydronepbeHte,  468 
Hydrophane,  829 
Hydropbillte,  821 
Hydrotalcite.  852 
Hydrozindte,  866 
Hypersfbene,  985 
Hyposlilbite,  457 


V. 


Iberite.  408 
Ice.  33jl 
Ice  spitr.  372 
Iceland  spar.  355 
Iddingslte  422 
Idocra5%e.  427 
Idrialiue,  Idrialite,  544 


rgelstrOmite,  852 
Ibleite,  585 
Ilesite,  533 
Ilmenite,  886 
Ilineuonitile,  845 
Ilvaite,  445 
Indiannite,  482 
Indiuuite,  380 
ludicolite,  448 
Indi^olite.  448 
Inesite,  452 

Inflammable  cinnabar,  544 
Infusorial  earib.  329 
lodale  of  culoiiim,  517 
Iodides.  319 
lodobromite.  319 
lodyrite,  819 
lolite.  407 

Hydrous.  408 
Iridium,  Nalive,  280 
Iridosmine,  280 
Iron,  Cbromic,  v.  Cbromite 

Magnetic,  839 

Meteoric,  281 

Native.  281 

0]igi<t.  V.  Hematite 
Iron  alumiualc,  889 

arsenates,  508,  509,  etc. 

arsenides,  303 

carbide.  281 

carbonate,  859 

chlorides,  321 

cbromate,  341 

col  um  bate.  490 

ferrate.  339 

hydrates,  349.  350,  etc. 

niobate,  490 

oxalate.  542 

oxidp,  334, 339;  bydrated, 
849,  350 

pbospbates,  506,  508.  510, 
etc. 

silicates.    422.   445,   475, 
476 

sulpbantimonite.  308 

sulpbarsenidc.  803 

sulpbates,  534,  585,  586, 
etc, 

sQlpbides,  298,  296,  300, 
303 

magnetic,  296 

tantalate<<.  490 

telludle,  588 

titauntes,  336,  348 

tungstates.-  539,  543 
Iron  alum.  585' 
Iron  natrolite.  461 
Iron  pyrites.  800,  308 

Miignetlc.  296 

Wbile,  303 
Iserine,  Iserite,  387 
Isoclasite,  511 
Itabirite.  886 
Itacolumite,  327 
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Jacobsite,  341 
Jade,  803,  394.  401 
Jado  (euace,  304 
Jadefte,  393 
Jalpaite.  289 
Jtimesonite,  306 
Jiirgon,  4*^ 
Jarosite,  537 
Ju8per,  827 
Jaspopal,  329 
Jeffensite,  470 
JelTereonite.  390 
JeremejeTite.  518 
Jet,  546 
Johannite,  538 
Jolinslruptte,  487 
JordnDite.  313 
Joseite.  285 
Josephinite,  281 


Kaersutite,  402 
Kniuite.  530 
Kukoxeo.  518 
Kaliborite,  520 
Kalifeldspath, «.  Orthoclase 
Kaliglimmer,  464 
Kalinite,  585 
Kaliophilite,  410 
Kuli8nl])eter,  v.  Niter 
Kalkglininier,  470 
Knlkspath,  354 
KalkuraDit,  515 
Kalliiit,  V.  Turquois 
Kallilite.  802 
Kalomel  317 
Kniuszite,  534 
Kamacite,  281 
KSLminererite,  474 
Kamarezite,  536 
Kiimmkles,  303 
Kampylite,  499 
Kaolin,  481 
Kaolinite,  481 
Karminspath,  v.  OanniDite 
Karneol.  v.  Carnelian 
Karstenite,  ».  Aohydrite 
Karyinite,  49*5 
Kntnforite.  402 
Katzeiiniige,  v.  Cat's-eye 
Knutsciiuk.  fossiles,  545 
Kelioeiie,  514 
Kellhaiiitc,  487 
Kelyphite.  418 
Kcnirolite.  446 
Kernies,  305 
K'  rmesite,  305 
Kerosene,  544 
K<rrite.  476 
KiMelophan,  387 
Kidnsy  ore,  385 
stone,  401 


Eieselwismutli,  414 
Kieselziukerz.  446 
Kieseriti ,  S31 
Kil!<rickenite,  314 
Killinite,  466 
Ejerulfine,  502 
Klaprotbolite,  307 
Klinoklus.  505 
Kliuozoisit,  439 
Knebelite.  422 
Knopiie    488 
KDOxvillite,  586 
KobaltblQtbe.  509 
Kobaltglanz,  v.  Cobaltite 
Kobnltkies,  c  Linnteite 
Kobaltspath,  v.  Spbserocobal- 

lite 
KobcUite,  309 
Kochsalz.  V.  Halite 
Koettigite.  509 
Kohle.  545,  546 
Kolilenspatb,  v.  Whewellite 
Koksbamvite,  402 
Kongsbergite.  279 
KOuigine,  KOnigitc,  580 
Konincliite,  510 
Koppite,  489 
Koriierupine,  451 
Konind  v.  Corundum 
KoUcbubeite,  478 
KOltigite.  509 
Krantzite,  543 
Kraiirile.  506 
Kreittonite,  339 
Kremersite,  328 
Krenuerite,  305 
Krisuvigite,  530 
Kr51inkite.  536 
KrOnkite.  KrOnnkite,  536 
Kryptoperlhit.  373 
Kupfer,  V.  Copper 
Kupfenintimonglanz,  808 
Kiipferblende,  313 
Kupferglanz.  v.  Cbalcocite 
Kupferglimiuer,    «.    Chalco* 

plivllite 
Kupferindig,  294 
Kupferkies.  297 
Kupfeclasur,  365 
Kupfernickel,  296 
Kupfersdmuni.  511 
KupftTuninit,  515 
Knpffrvitriol.  534 
Kupflferite,  402 
KyHnite.  434 
Kyliudrite.  316 


Labrador  feldspar,  879 
Labradorite,  379 
Lagonite.  519 
Lampadite.  352 
Lanarkite,  580 


L&ngbanite,  446 

Langbeiuite.  528 

Langite,  586 

Lansfordite,  867 

Lantbanite,  866 

Lanthanum  carbonate,  866 

Lapislazuli,  418 

Larderellite.  519 

Lasurapatile.  498 

Lasurite,  413 

Latrobite.  380 

Laubanite,  457 

Laumonite,  457 

Laumontite,  457 

Lnuriontte,  322 

Laurite.  802 

Lautarite,  517 

L&venite,  395 

Lavroffite,  LavroTite,  889 

Law ren cite,  821 

Lawsonitt*,  447 

Lazulite,  506 

Lazurite.  418 

Lead.  279 

Black.  278 
Native,  279 
Wbite,  V.  Cerusdte 

Lead  autimonate.  516 
arsenates,  500 
carbonates,  86].  366 
cbloride.  821.  322 
chloro-carboDates,  864 
chromates,  529 
dioxide.  846 
molybdate.  541 
oxides.  832,  348.  846 
oxycblorides.  822 
pliospbate,  499 
selenides,  288,  289 
silicates,  408,  446  -- 
sulphantimonate,  315 
sul  pbanlimonite8.308,  tfffl. 
sulpbarsenites.  808,  ete» 
sulpliates.  627.  eU. 
sulpbato-curl>onate,  529 
sulpbide.  287 
sulphobisniutbites,     806L 

ete. 
telluride.  288 
tungstatc,  541 
vanadates.  500,  505 

Lead  glance,  287 

Lead  vitriol,  v.  Anglerita 

Leadbillite,  529 

LecoDtite,  531 

Ledererite.  459 

Lederite,  486 

Lehrbachite,  289 

Lennilite,  476 

Leon  bard  ite,  457 

Leonite,  585 

ILeopoldite,  819 
Lepidolitc,  467 
Lepidomelane,  470 


INDEX  TO  SPECIES. 


587 


LepoHte,  880 
Leitsomite,  536 
Lnuciiugite,  390 
Leuchtenbergite  473 
Lciicitc,  8b I 
LeQcoclialcite,  511 
Leucomaugauite,  507 
Lt-ucopeirite,  544 
Leucoplinnite.  407 
Leiicopyrite,  303 
Leucoxene.  337,  486 
Lfvyuite,  Levyne,  459 
Lewisite,  516 
Libt-thenite,  504 
Licbenerite.  410.  466 
Liebigite,  367 
Lievrite,  445 
Lignite,  046 
Lijruriie,  486 
Lillianiie.  810 
Lime.  v.  C:i1('ium 
Lime  uraniie,  515 
Limestone,  357 

Hydraulic,  857 

M!agDe8iaD,858 
Limonite,  350 
Lin  ante.  580 
Lindackerite,  516 
Linnoeite,  297 
Linsenkupfer,   v,  Liroconite. 

514 
Linseuerz. 
Lintouite,  462 
Liroconite,  514 
Linkeardite,  513 
Litbia  mica,  467 
Litliionglimmer.  467 
Litbiophilite.  496 
Litbium  pliosphates,  496,  503 

silicates,  393,  410,  467 
Litliogmphic  stone,  356 
Litbomarge,  481 
LiTingstonite.  807 
Loadstone,  Lodestone,  889 
Loeweitc,  535 
Loewigite.  538 
LOllingite.  308 
Lorandtte,  308 
Lossenite,  516 
L5weite,  535 
LOwfgite.  538 
Loxoclase,  372 
Lnckitc.  534 
Ludlamite,  518 
Ludwigite,  518 
Lumaclielle,  356 
LQneburgite,  516 
Liissatite,  326 
Lutecite,  328 
LuzoDite,  315 
Lydbm  stone.  327 

M 

Mackintosbite,  487 


Made,  438 
Maconite,  476 
Maguesiofcrrite,  341 
Maguesile,  858 
Magnesium  aluminate,  338 

arsenate,  508 

boratf,  519,  520 

carbonates,  35^,  366,  367 

ferrate,  341 

fluoride,  321 

bydrate,  351 

molybdate.  542 

oxides.  831,  351 

pliospiiates.  502.  508,  510 

silicates.    384.    885,    etc; 
419,  443.  476,  479,  480 

sulpbates.  531,  583 

tilauate,  488 
Magneteisensteiu,  339 
Magnetic  iron  ore,  339 
Magnetic  pyrites,  296 
Magnetite,  339 
Magnetkies,  296 
Magnoferrite.  841    ' 
Malucbite,  864 

Blue,  V,  Azurite 

Green.  364 
Malacolite.  388 
Malacon.  Malakou,430 
Maldouite,  276 
Mtiliuowskite,  318 
Mallardite,  534 
Maltba,  544 
Mamoanates,  837 
Manganaudalusite,  488 
Mani^anapatite,  498 
Miingan  blende,  292 
Mangnnbrucite,  351 
Mangancblorite.  474 
Manganepidote.  440 
Manganese  autimonate,  507 

arsenates,  502,  505,  506 
507 

carbonate,  859 

oxides,  345 

disulpbidc.  301 

bydrates.  349,  851,  352 

niobate,  490 

oxides,  832,  342. 848.  845, 
847,  849.  351 

pbospbates,  496,  502.  507 

silicates,    395,  422,   484, 
etc, 

sulpliates,  531,  584 

sulpbide,  292,  301 

tantalate,  490 

titan  ate,  387 

tungstate,  589 
Manganglanz,  292 
Mangangrnnnt.  v.  Spessartite 
Manganbedenbergite,  889 
Manganite,  349 
Mnnganmnenetite,  840 
Manganocalcite,  356,  860 


Manganocohimbile,  491 
Man ganophy] lite,  468 
Mangauosiderite.  360 
Manganosiie.  332 
Manganostibiite,  507 
Mangauotantalite.  491 
Mangaupecioiite,  395 
Manganspatb,  359 
Maugautan'ulite,  492 
Marble,  356 

Verd-untique,  477 
Marcasite,  802 
Marcel ine,  843,  396 
Margarite  470 
Mnrgarodite,  465 
Marialite.  426 
Marmatite,  291 
Marraolite,  477 
Mnrsbitc,  317 
Martinite.  510 
Marlite,  386 
Maacagnite,  528 
Maskelynite.  880 
Mason ite,  472 
Massicot,  882 
Masrite.  535 
Matildite,  308 
Matlockite,  322 
Mauzeliite,  51 » 
Maxite.  529 
Mazapilite,  514 
Meerscbaum,  480 
Meionite,  425 
Mebiconite,  382 
Melanasphalt, 
Melanglanz,  814 
Mel:inite,  417 
Mcinnocerite,  407 
Me  aiiopblogite.  828 
Melanotekite,  446 
Melanterite,  534 
Melilite,  Mellilite.  426 
Melinopbane.  v,  Mclipbanita 
Melipbanitc,  407 
Mellate  of  aluminium,  542 
Mellite.  542 
Meionite,  297 
Menaccanitc.  386 
Mendipitc.  822 
Mcndozite,  585 
Meneirbinite,  318 
Menilite,  329 
Mennige,  343 
Mercury.  279 

Horn,  317 

Native.  279 
Mercury  antimonite,  516 

cbloride,  317 

selenidcs,  292 

sulpbides,  292,  298 

sulpbo-selenide,  292 

telluride,  292 
Mercury  amalgam,  27P 
Meroxene,  468 
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Mesitite,  Metitine.  359 
MesitiDspatb,  359 
Mesole.  v,  ThomsoDite 
Mesoliie.  462 
Mesoiype.  462 
Messelite,  507 
Metubrusbite.  510 
Metucimmbarite,  292 
Metastibniie,  284 
Meta  vol  tine,  587 
Meteoric  iron,  281 
Mexican  ouyx,  356 
Miargyrile,  308 
Mica  Group,  463 
Mica,  Iron,  467.  470 

Lime.  470 

Lithia.  467 

Magiiesin,  467,  469 

Pota8b.464 

Soda.  467 

Yuumlium,  470 
Mic'iceous  iron  ore,  835 
Micbel-levyte.  525 
Microcline.  373 
Microcosmic  salt.  510 
Microlite.  489 
Microsoinmite,  411 
Micropertbite,  373 
Micropbyllite,  379 
Microplalcitc,  379 
Miersite,  319 
Miesiie.  499 
Mikroklin,  373 
Milarite.  369 
Milky  quartz.  326 
Milk-rite,  295 
Mimetenc,  Mimetesite,  500 
Mimetite.  500 
Minern)  caoutcliouc,  545 
Mineral  coal.  545 

oil.  544 

pi  toll,  545 

resin,  543 

tallow,  543 

tar,  «.  Pitlaspbalt 

wax,  543 
Minium,  343 
Mirabiliie.  531 
Misenite,  530 
Mispickel.  303 
Misy.  536 
Mixitf,  515 
Mizzoniie.  426 
Moclm  stone,  r.  Moss  agate 
Mock  lend  201 
MolybdUnblcispnlh,  541 
Molybdftnglanz,  285 

MOLYBDATES,  589 

Molybdenum  sulpbide,  285 
trioxide,  330 
Molybdenite.  285 
Molybdic  ocber,  330 
Molybdite,  880 
Molybdomenite,  588 


Molysite,  821 
Mouazite,  495 
Monetite,  607 
MoDbeimite,  360 
Mouimolite,  496 
Monite.  507 
Monrolite,  434 
MoutaDite,  588 
Monticellite,  422 
Moutmorillonite,  482 
Moonstone,  872,  877 
Mordenite,  453 
Moreuosite,  538 
Morion,  326 
Moroxite,  498 
Mosandrite,  487 
Moss  agate,  326 
Motlramite,  505 
Mountain  cork.  401 

Idatber,  401 

soap,  482 

tallow,  543 

wood,  401 
Mailer's  glass,  329 
Mullicite,  508 
Mundic,  v.  Pyrite 
Murcbisonite,  372 
Muscovite.  464 
Muscovy  glass,  466 

N 

Nadeleisenerz,  v.  G5tbite 

Nadelerz.  v.  Aikiuite 

Nadelzeolitb,  461 

Nadorite,  516 

Nagyagite,  305 

Nailltead  spar.  355 

Nantokite,  317 

Napalite,  543 

Napbtha,  544 

Native  Elements.  271 

Natrium,  v.  Sodium 

Nat  roborocal  cite,  520 

Natrolile.  461 

Natron,  366 

Natron  mikroklin,  874 

Natronorthoklaa,  372 

Nntropliilite.  496 

Nauinnnnite,  288 

Needle  ironstone,  349 

Needle  ore,  v  Aikinite 

Needle   zeolite,  v.  Natrolite, 

461 
Nemalite,  351 
Neotocile.  396.  484 
Nepbeline,  409 
Neplielite,  409 
Nej)linte.  394.  401,  477 
Neptunite.  487 
Nescjuelionite.  366 
Nevjanwkile,  280 
Newberyite,  510 
NewtODite,  482 


Niccolite,  295 

Nickel  antlmoDide,  296 

arsenates,  509 

arsenides,  296,  801,  304 

carbonate,  867 

oxides,  382 

silicate.  479 

sulphauiimonide,  803 

aulpharsenide.  802,  804 

sulpbate,  588 

sulpbides.  293.  296,  296 

telluride.  297 
Nickel  telluride,  297 
Nickelantimonglanz.   v.   Ull« 

mannile 
Nickelarsenikglanz,  «.  Gere- 

dorffite 
Nickel-gyninite,  479 
Nickelskutterudite,  802 
Nigrine,  345 

NiOBATES.  489 

Niter,  Nitre,  517 
Niter,  Soda.  577 
Nitrates,  517 
Nitrobariie,  517 
Nilrocalcile,  517 
Nitroglauberile,  517 
Nitromagnesite,  517 
Nivenite,  521 
Nocerite,  322 
Nontronite,  484 
NordenskiOldine,  518 
Nordmarkiie.  450 
Nortbupite.  364 
Nosean,  Nosite,  418 
Noselite,  413 
Noumeite,  479 
Nugget.  277 
Nussierite,  499 


Ocber.  Brown,  850 

Red.  385 
Ocbrolite,  516 
Octaliedrite.  346 
Odontolite,  512 
(Eil  de  cbat,  326 
(Ellacberite,  466 
Oil.  Mineral.  544 
Oisanite,  439 
Okenite.  452 
Oldbamite.  292 
Oligist  iron  v.  Hematite, 
Oligoclase.  878 
Oligomite,  859 
Olivenerz,  504 
Olivenite.  504 
Olivine.  420 
Ompbacitc,  Omphazit, 
Oncosin.  465 
Onofrite.  292 
Onyx,  826 

MexIcRD,  8M 
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Onyx  marble,  866 
Oolite,  866 
Opal,  829 
Opal  jasper.  829 
Opliicalcite,  477 
Opbiolite,  477 
Ophite.  478 
Ornngite.  480 
Oriental  alabaster.  866 

amethyst.  883 

emirald.  333 

ruby,  338 

toptiz.  338 
Orpiment,  282 
Orthile.  440 
Orthocluse,  370 
Orthose.  v.  Oriboclase 
Osmelite.  395 
Osmiridium.  280 
Osmium  sulphide,  802 
Osteolite.  498 
Ottreliie  471 
Ouvarovite,  417 
Owenile,  475 
Oxalates.  542 
Oxanimite,  542 
Oxides.  824 

OXYCIILOKIDES.  82ld 
OXYFLUOKIDES.  322 
OXYSULPUIDES.  305 

Ozark  ite.  402 
Ozocerite,  Ozokerit,  548 


Pachuolite,  333 
Pa^odite.  466 
Paisbergite,  896 
Pallaciium.  Native,  281 
Panabase.  v.  Tetrahedrite 
Pandermite,  520 
Puposite.  536 
Paraffin.  548 
Paragon  ite,  467 
Parafu  mill  lie.  537 
Parumeliicoiiile,  332 
Parasite,  519 
Pargasite,  402 
Parisite,  364 
Parophite.  466 
Parrot  coal.  546 
Partschinite.  Partschin,  419 
Pear.  eife.  315 
Pearl  sinter,  329 
Pearl  spar,  857 
Peat.  546 

Pebble.  Brazilian,  325 
Pechblende,  Percherz,  521 
Peckiiamite  387 
Pectolite.  395 
Peganite.  512 
Pencil-fitoue.  482 
Pen6c1dite.  322 
Pennine,  474 


Penninite,  474 
Pentlanditc,  298 
Peplolite.  408 
Percylite,  322 
Periclase,  381 
Pericline,  Ptriklin,  377 
Peridot,  420 
Peristerite.  377 
Perthite,  378 
Perofskite.  487 
Perovskite,  487 
Perowskit,  487 
Petalite,  369 
Petrified  wood,  327 
Petroleum,  544 
Petzile.  289 

Phacelite.  Pbacellite.  410 
Pbacolile,  458 
Pliarmacolite,  510 
Pharmacosiderite,  518 
Phenacite.  Pbenakit,  428 
Phengite,  466 
Philadelphite.  476 
Phillipiie.  586 
Phillipsitc,  455 
Pblogopite,  469 
Phoeuicite,  529 
Phcenicochroite,  529, 
Pholeriie,  481 
Pholidolile.  481 
Phosgenite,  364 
Phosphates. 
Phosphorite,  498 
Pbosphorsalz.  510 
Phosphosiderite,  510 
Phospliureuylite,  515 
Phoiioite.  396 
Pliyllite,  471 
Physalite.  482 
Piciie.  513 
Pickeringite.  585 
Picotite,  338 
Picroepidolc,  439 
Picrolite,  Pikrolit,  477 
Picromerite,  535 
Picropharmacolite,  508 
Picdmontite,  440 
Pinakiolite.  518 
Pinguite.  484 
Piuite,  466,  408 
Plnnoite.  520 
Piotine,  480 
Pirssonite.  366 
Pisanite.  534 
Pisolite.  356 
Pistacite.  Pistazit,  488 
Pistomesite,  859 
Pitch.  Mineral. 
Pitchblende.  521 
Pittasphalt,  544 
Pitticite.  Pittizit.  516 
Piagioclase.  374 
Plagionite,  308 
Plasma,  326 


Plaster  of  Paris,  588 
Platina,  Platine,  280 
Platiniridium.  280 
Platinum,  Native.  280 
Platinum,  arsenide,  802 
Plattnerite,  846 
Plenargyrite,  808 
Pleonaste.  838 
Plessitc,  281 
Plumbago.  278 
Pluuibogummite.  514 
PIomlK>calcite.  356 
Plumbostib,  309 
Polianite.  845 
Pollucite.  Pollux.  882 
Polyadelphite,  417 
Polyargite,  466 
Polyargyiite,  315 
Polyarseiiite,  502 
Polybasite,  314 
Polycrase,  493 
Polychroilite,  408 
Polvdymite,  296 
Polyhalile.  585 
Polylithionite,  467 
Polymignite,  493 
Polysphaerite,  499 
Poonahlite,  v.  Scolecite 
Porpezite,  276 
Posepnyte,  544 
Potash  alum,  520 
Potassium  borate,  520 

chloride.  318.  328 

nitrate,  517 

silicate,    370.    878,    881, 
464.  etc. 

sulphate.  528 
Pot  stone,  479 
Powellite.  541 
Prase,  326 
Pmseolite,  408 
Pifhniie,  442 
Pfibramite.  291 
Priceite.  520 
Prismatine.  451 
Prochlorite,  475 
Prolectite,  448 
Prosopite,  323 
Protobastite,  885 
Proustiie,  311 
Prussian  blue.  Native,  608 
Przibramiie.  291,  849 
Pseudobrookite.  343 
Pscudocampylite,  499 
Pseudoleucite,  382 
PseudomalHCiiite.  505 
Pseudophite,  474 
Pseudostciitite.  482 
Psilomehtne,  352 
Psittacimiie.  505 
Ptiiolite,  458 
Purherite.  496 
Puflerile,  457 
'  Punamu,  894 


590 


INDEX  TO  SPECIES. 


Purple  ciipper  ore.  21>7 
Pui»chkiiiiie,  489 
Pycniie.  482 
Pynirgillite,  408 
Pjrargyrite,  311 
Pyreneite,  417 
Pyreoin,  390 
Pyriie,  300 

Pyrites,  Arsenical,  v.  Arseno- 
pyrite.  303 

Capillary.  295,  308 

Cockscomb,  303 

Coppir.  297 

Iron.  300,  802 

MaL'netic.  296 

litidiated.  308 

Spear.  303 

Tin.  315 

Wliite  iron,  302- 
Py  roan  rite.  352 
Pyrocblore.  489 
Pyrocliroiie,  351 
Pyrolusiie.  347 
Pyroiiiorphite,  499 
Pyrope,  416 
Pyrophanite,  387 
Pyropbosphorite,  507 
Pyropbyllite,  482 
Pyropbysjililf,  432 
Pyroretioite,  544 
Pyrosderite,  476 
Pyrosmalile,  424 
Pyroslibite.  307 
Pyrosiilpnite,  812 
Pyroxene,  387 
Pyroxene  Group,  882 
Pyrrbarsenite,    Pyrrhoarsen- 

ite.  495 
Pyrrbite,  490 
Pyrrboline.  296 
Pyrrbotite,  296 

Q 

Quartz.  324 
Quartziue,  328 
Quurtzite,  327 
Quarz.  324 

Quecksilber,  Gediegen.  279 
Quc'cksilberbrandcrz,  544 
Quecksilberbornerz,  817 
Quenstedtite.  535 
Quitenite,  538 
Quicksilver.  279 

R 

Kfldelerz.  810 
liiimoudite,  586 
linlstonite.  323 
RimiHte.  505 
Rammelsbergite,  804 
Rauito,  463 
Raspite,  641 


Rathite.  309 

Rauchquarz,       v.       Smoky 

Quartz.  826 
Raumite.  408 
Realgar,  282 
Red  antimony,  v.  Eermesite 

cbalk.  335 

copper  ore,  381 

hemutilc,  334 

iron  ore,  335 

lead  ore.  529 

oclier,  335 

silver  ore,  311 

zinc  ore,  332 
Rcddiugite.  508 
Reddle.  335 
Redingiouite,  587 
Redrutbite.  290 
Reinitc,  542 
Reissite,  454 
Remiugtonite.  867 
Reusselnerite.  479 
Resin.  Mineral,  543 

Higbgale, 
Retiualiie.  477 
Retiuite,  543 
Retzbanyiie.  807 
Retzian.  507 
Rezbanyite.  807 
Rbabdopbanc.  509 
Rlmbdoplianiio,  509 
Rlicetizite.  434 
Rliagite.  515 
Rbodalose.  v,  Bieberite 
Riiodizite.  519 
Rbodocbrome,  474 
Rbodocbrosite,  359 
Rbodoliie,  416 
Rliodoiiite.  395 
Rliodopbyllile.  474 
Rbodotilite,  452 
libyacolile,  372 
Riband  jasper,  827 
Ricbcllite.  514 
Ricblerile,  401 
liiebeckite.  404 
Rinkite.  487 
Kipidolite.  473.  475 
Rittingeritc.  312 
Rock  crystal.  325 

meal,  356 

rnilk.  356 

suit.  818 
Roeblingite,  408 
lineinerite.  536 
Rocpiwrite.  4'22 
Romanzoviie.  418 
Romeite.  Romeiiie,  516 
Kftmerite,  5:^6 
Roscoelite.  470 
Rose  quartz,  326 
Roseliie.  507 
Rosonbuscbite.  895 
i  Rosite,  466 


Rotbbleierz,  529 
Rotheisenerz,  RotheiseDstein, 

335 
RotbgQltigerz.  811 
Rotbkupfererz,  818 
Rotbnickelkies,  295 
Rotboffite,  417 
Rotbspiessglanzerz,  S05 
Rotbziukerz,  882 
Rowlandite,  487 
Rul>ellite,  448 
Rubicellc.  388 
Rubin,  388 
Ruby.  AlmandiDe,  888 

Balas.  388 

Onental,  333 

Spinel.  888 
Ruby  blende.  291 
Ruby  copper,  818 
Ruby  silver,  811 
Ruby  spinel.  838 
Ruby  zinc,  291 
Ruin  marble,  856 
Rumftnite,  548 
Rumpfite,  476 
Ruthenium  sulphide,  803 
Rutile,  845 


S 


Safflorite,  304 
Sagenile,  826,  845 
Sab  lite,  389 
Sal  Ammoniac,  819 
Saliie,  889 
Salmiak.  319 
Salmiie.  472 
S.dt.  Rock,  318 
Saltpeter,  v.  Niter 
Salvadorite.  584 
Sumarskitc,  492 
Sammetbleude,  849 
Sandbergerite,  818 
Sanguinite,  312 
Sanidine.  372 
Sapliir  d'eau,  408 
Sapooiie,  480 
Sapphire,  333 
Suppbirine.  451 
Sarcolite,  426 
Sard.  326 
Sardonyx   827 
S.irkinite,  502 
Sartorite.  :J08 
Sassoliie,  Sassolin,  863 
Satin  spnr.  355,  582 
SauMlpiie.  488 
Saussiirite.  438 
Scnccbiie.  321 
Scji|K)lite.  Commou.  426 
ScAPOMTE  Group,  434 
Sclialetiblende,  S^l 
Scbapbacbite,  309      • 
Schaumerde,  866 
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Schaumspatb,  855 
Scbeelbleispath,  «.  Stolzite 
Bcheelite,  540 
Scbeelspnth,  v,  Scheelite 
Scbeererite,  548 
Scbefferite,  389 
Scbiller-spar,     Scbillerspatb, 

886 
Scbirmerite,  808 
Scbhiugeoalabaster,  528 
Scbmireel,  888 
Scbneideriie,  457 
Scboeoite,  585 
ScbOnite,  535 
Scborloinite,  419 
Scborza,  489 
Scbreibersite.  281 
Scbrifterz,  Sclirifttellur,  804 
ScbrOtterite,  488 
ScbuD<iite,  278 
ScbuppeuBteiD,  467 
Scbwartzembergite,  822 
Scbwatzite.  818 
Scbwefel  o.  Sulpbur,  278 
Scbwefelkies,  800 
8<:bwefelqiieck8ilber,  298 
Scbwerbleiei-z  v.  Plattnerite 
Schwerspatb,  524 
Scleroclase.  306 
Scolecite.  Scolezite,  462 
Sconxlite,  5U9 
Scorza,  489 
Scoviilite.  509 
Seebacbite,  458 
Srlenidbs,  288.  289 
Selenite,  532 
Sblbnites.  538 
Selenium,  271 
Selenquecksilber,  292 
SelcDsiiIpbur,  274 
Selenwismutbglanz,  284 
Selluite.  321 
Semeline,  486 
Seini-opnl,  329 
Semseyite.  309 
ScDarmoutite,  880 
Sepiolite,  480 
Sericite.  465 
Serpen tiDe,  476 
Serpierite.  536 
Seybertlte,  471 
Sbepardite,  382 
Sbell  marble,  356 
8iberite,  448 
Siderite,  359 
Sideronatrite,  587 
Sideropbyllite,  468 
Sieg(*nUe.  297 
SillKjr,  V,  Silver.  278 
Silberamalgam,  279 
Sillierglanz,  288 
Si1l>erbornerz.  819 
Sllex.  Silica.  824 
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Siliceous  sluter,  829 
Siiicifled  wood.  827 
Silicon  oxide.  824,  828,  829 
Sillimanite.  433 
Silver,  Native,  278 
Silver  antimonide,  286 

arsenide,  286 

bismutbide,  286 

bromide,  819 

clilorides.  319 

iodide.  319 

selenide.  288 

8ulphaDtimonites.808, 811 

sulpbarseuite,  811 

■ulpbide,  288,  290 

sulpbobismuthite,  808 

sulpbo-germanate,  816 

telluride.  286,  289,  805 
Silver  glance,  288 
Simetite,  543 
Simouyite,  585 
Sinter,  Siliceous,  829 
Sipylite,  490 
Siserskite.  280 

Sismondine.  Sismondite,  472 
Sisserskite.  280 
Skapolitb,  425 
Skleroklas.  308 
SkogbOiite,  492 
SkuUerudite,  802 
Smaltite,  Smaltine,  801 
Smaragd.  v.  Emerald 
Smaragdite,  401 
Smectite.  482 
Smegmatite,  482 
Smirgel.  333 
Smithsonite,  360;  446 
Smoky  quartz.  826 
Soapstone,  479 
Soda  alum,  585 
Soda  microcline,  373 
Soda  niter,  517, 
Soda  ortboclase,  872 
Sodalite,  412 
Sodium  borate.  520 

carbonate.  366,  867 

cbloride.  318 

tluoride.  321,  etc. 

nitrate.  417 

pbosphate.  496,  etc, 

silicate.  412.  460.  461 

sulpbate,  528 ;  hydrous, 
531,  etc. 
Sonnenstein,  v.  Sunstone,  378 
Spadaite.  480 
SpiiDgolite.  530 
Spargelstein,    v.    Asparagus 

stone 
Spatbic  iron,  359 
Spatheisenstein,  v,  Siderite 
Spear  pyrites,  803 
Speckstein.  479 
Specular  Iron,  885 
Speerkies,  803 


Speiskobalt,  801 
Spessartiue.  Spessartite,  417 
Sperrylite,  302 
Spbserite,  513 
Spbserocobaltite.  861 
Sphalerite,  291 
Spbene,  485 

Spiauterite.  v.  Wurlzite,  295 
Spinel,  338 
Spine]  ruby,  338 
Spinth^re.  486 
Spodiosite,  502 
Spodumene.  893 
Spreustein,  461 
SprOdglanzerz,  314 
SprOdglaserz,  314 
Spr5dglimmer,  470 
Sprudelstein,  361 
Staffelite,  499 
Stalactite,  356 
Stalagmite,  356 
Stannlte.  Stanoine,  815 
Stassfurtite,  519 
Star-quartz.  326 

sapphire.  333 
Staurolite,  450 
Staurotjde.  450 
Steatite,  479 
Steenslrupine,  407 
Stein  lieilite.  408 
Steiukoble.  546 
Stein  man  nite,  288 
Stein  mark.  v.  Litbomarge,  481 
Steiu51.  544 
Steiusalz.  318 
Stephanite.  314 
Stercorite.  510 
Stern  bergile,  290 
Stibiconite.  330 
Slibnite,  283 
Stilbite.  456;  454 
StilpnomclHne.  476 
Stolpenite.  482 
Stolzite.  541 

Strahlerz,  v.  Ciinoclasite 
Stiablkies.  303 
Strablstein.  400 
Stratopeite,  396 
Stream  tin,  344 
Strengite.  510 
Strigovite,  476 
Stromeyerite.  290 
Strontianite,  362 
Slrontianocalcite,  856 
Strontium  carbonate,  863 

silicate,  454 

sulphate,  526 
Struvite,  507 
StQtzite,  986 
Stylotypite.  810 
Succinic  acid,  543 
Succinite,  548 ;  416 
Sulfoborite.  521 

BULPHANTIMON A'lTBS,  816 
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sulphantimonitsb,  806 
sdlphau8enatb6,  315 
sulpharsbnites,  306 
Sulphates.  528 
Sulphides,  282 
sulphobismuthiteb,  806 
Sulphohalite,  530 

SULPHOSTANNATEB,  815 

Sulphur,  273 
Suudtile.  808 
SuDStoae,  878 
SusaDDite,  529 
Susscxite,  518 
Svabite,  501 
Svaubercite,  516 
SychDodymite,  296 
Sylvanite.  304 
Sylvite.  Syivine,  818 
Symplesite,  508 
Synadelphitc,  506 
Syngeuile.  534 
Syutagtiiatite,  400 
Szaboile,  386 
Szaibelyite,  518 
Szmikite,  581 


Tabasbeer,  1 
Tabular  spar,  394 
Tacbhydrile.  323 
Tacbybydrite,      Tachydrite, 

323 
Toenite.  281 
Tafelspatb.  394 
Tag! lite,  511 
Tulc,  479 
Talkeiseoerz,  340 
Talkiriplite,  502 
Tallingite.  328 
Tullow,  Miuenil.  548 
Tantalates,  489 
Tantalite,  490 
Tnpalpile,  310 
Tapiolile,  492 
Taruowitzite,  361 
Tasmauite,  544 
Tavistockile.  506 
Taylorile.  523 
Tellur.  275 
Tellurates,  588 
Tellurbismutb.  284 
Tellurblei,  v.  Altalte,  288 
Telluric  wismutb.  284 
Telluridbs,  288  et  seq, 
Tfllunte.  330 
Tellurites.  538 
Tellurium,  275 
Tellurium  oxide,  380 
Tellurnickel.  297 
Tellursilber,  v.  Hesslte,  289 
Tellurwismutb,  284 
TeDgerite,  867 
TennaBtite,  818 


Tenorite,  882 
Tepbroile,  422 
Tescbemacberite,  864 
Tesseralkies,  o.  Skutterudite, 

302 
Tetradymite.  284 
Tetrabedrite,  312 
Tballite.  489 
Thallium  seleoide,  289 
Thaumasite,  483 
Tbenardite.  528 
Thermonatrite.  366 
Tbermophyllite,  478 
Tbiuolite,  357 
Tbiorsauite,  380 
iniomseuolite,  328 
Thomspoite,  462 
Thonerde,  v.  A lu minium 
Thorite,  430 

Thorium  silicate,  430,  487 
Thorogummite,  522 
Thulite,  438 
Thuringite.  475 
Ticmanuite,  292 
T.gereye.  326,  404 
Tilasite,  502 
Tile  ore,  831 
Tilkerodite,  288 
Tin,  Native.  280 
Tin  borate,  518 

oxide,  344 

sulphide,  315 
Tin  ore,  Tiu  stone,  844 
Tiu  pyrites,  315 
Tincal,  520 
Tinkal,  520 
Tirolite,  511 

TiTANATES,  485 

Tilaueisen,  336 

Titanic  iron  ore,  336 

Titaiiite,  485 

Titanium  oxide,  345,  846.  847 

TiUinomorpbite,  486 

Topaz,  431 

False,  826 

Oriental.  338 
Topazolite.  417 
Torbauite,  546 
Torbernite,  515 
Touchstone,  327 
Tourmaline,  447 
Traverse!  lite,  389 
Travertine,  356 
Tremolite.  400 
Trichalcite,  508 
Tridymite,  328 
Trimerite,  424 
Tripbane.  393 

Triphyline,  496  > 

Tripbylitf,  496 
Triplite.  502 
Triploidite.  502 
Tri|>olite.  329 
Trippkeite,  516 


Tripuhyite,  516 
Tritocborite,  506 
Tritomite.  407 
TrOgerite.  515 
Troilite.  298 
Trolieite.  518 
Troua,  367 
Troostite,  428 
Tscheffkinite,     Ttebewkinit 

487 
Tscbermigite,  585 
Tufa,  Calcareous,  856 
Tungsten  trioxide,  880 
Tungstite,  830 
Tureite,  850 , 
TOrkis,  512 
Turmalin,  447 
Turuerite,  495 
Turquois.  Turquoise,  513 
Tyrile.  490 
Tyrolite,  5!  1 
Tysonite,  321 

U 

Uintabite,  Uiutaile,  545 
Ulexiie,  520 
Ullmannite,  802 
Ultrnmariue,  418 
Umangite,  289 
Union ite.  438 
Uraconisc,  Uraconite,  588 
Uralite,  401 
Uranatbs,  521 
Uraninite.  521 
Uranitc,  515 
Uranium  arsenate,  515 

carbonates,  867 

niobates,  492.  498 

phosphates.  516 

silicates,  483 

sulphate.  SS8 
Uranmica.  515 
Urauocircite,  515 
Uranoniobite.  521 
Uranophnne;  488 
Uranopilite,  588 
Umnosphaeriie,  522 
Uranospiuile.  5^5 
Uranot  ball  ite.  867 
Uranotil  483 
Uranpeclierz.  521 
Urao,  867 
Urbanite,  889 
Urpethite,  548 
Urusite.  587 
Utnhite.  536 
Uvarovite,  Uwarowit,  417 


Vaalite.  476 
Valencianite,  872 
Valentinite,  880 
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Viioadinbleierz,  v.VaDadinite 
ViiDadinite,  500 
Vniiadium  silicate,  470 
Variegated  copper  ore,  207 
Variscite,  510 
ViiuqueliDite,  529 
Velvet   copper  ore,  ».  Lett- 
somite 
Venushairstone,  845 
Verd-antique,  477 

VERlnCULITEB,  476 

Vermilion,  v.  Cinnabar 

Vesuvianite,  427 

Vestelyite,  511 

Viluite,  428 

Violau,  889 

Vitreous  copper,  v.  Chalcocite 

silver,  v.  Argentite 
Vitriol,  Blue,  etc. 
Vitriol bleierz,  527 
Vivian  ite,  508 
Voglianite,  588 
Voglile,  867 
Volbortliite,  511 
Voltaite,  537 
Voltzite,  Voltzine,  805 
Vulpinite,  528 

W 

Wad.  852 
Wagnerite,  502 
WalkeHte.  895 
Walpurglte,  515 
Waluewite,  471 
Wiipplerite,  510 
Wardite,  51^ 
Waringtonite.  580 
Warren  ite,  808 
Wardugtonite,  530 
Warwickite.  519 
Wiisbingtonile,  887 
Wassersappbir.  v.  lolite 
Wavellite.  512 
Webnerile.  808 
Websterite,  537 
Webrlite,  285 
Weissbleierz,  863 
WeissgQltigerz.  818 
Wellsite.  455 
Wernerite,  425 
Wbeel  ore,  810 
Wbewellite.  542 
Wbite  antimony,  880 


White  arsenic,  880 

garnet,  v.  Leucite 

iron  pyrites,  803 

lead  ore,  863 
Whitneyite.  286 
Willemite,  422 
Willyamite,  802 
Wilsonite.  466 
Wiluiie,  428 
Wiserine,  847 
Wismutb,  9.  Bismuth 
Wismuihautimonnickel- 

glanz,  802 
Wismutbblende,  414 
Wismuthglanz,  284 
Wismutbspatb.  867 
Witbamite.  489 
Witherite,  862 
Witticbenite,  810 
Wocbeinite,  851 
W5blerite.  395 
Wolfacbite,  804 
Wolfram.  589 
Wolframite.  589 
Wolfsbergite.  808 
Wollastouite,  894 
Wolnvu,  525 

Wood,  Fossil,  Petrified,  827 
Wood  copper,  504 
Wood  opfti,  829 
Wood  till,  844 
Wfirthite,  484 
Wulfenite,  541 
WUrfelerz,  v.  Pharmacosider- 

ite 
Wurtzite,  295 


Xnntharsenite,  506 
Xautboconite,  815 
Xantbopbvllite,  471 
Xantbosiderite,  850 
Xenolite,  484 
Xenotime,  494 


Yellow  copper  ore,  297 

lead  ore,  541 
Yenite,  445 
Ytterffranat.  417 
Ytlrialite,  487 
Yttrium  oarbonate,  807 


Yttrium  niobates,  490,  tte, 
phosphates.  494,  509 
silicates,  487 

Yttroceriie,  823 

Yttrocol  urn  bite,  v.  Yttrotaiv> 
tulitc,  492 

Yttrogumniite,  522 

Yttrotantalite,  492 


Zaratite.  867 
Zeolites,  453 
Zepbarovichite,  510 
Zeunerite,  515 
Zeigelerz.  881 
Zietrisikile.  543 
Zinc,  Native,  275 

Red  Oxide  of,  882 
Zinc  aluminate.  889 

arsenates,  505,  509 

carbonates.  860 

oxide,  882,  889 

oxysulpbide,  805 

phosphate.  507 

silicates,  422,  446,  447 

sulphates.  528,  588 

sulphides.  291,  295 

vanadate,  505 
Zinc  blende,  291 
Zinc  ore.  Red.  382 
Ziucalmninite,  588 
Zincite,  382 
Zinckeuite,  807 
Zincocalcite.  356 
Zinkblende.  291 
Zinkeniie.  307 
Zinkosite,  528 
Zinkspath.  800 
Zinnerz,  844 
Ziuukies.  815 
Zinnober,  298 
Zinnstein.  844 
Zinnwuldite.  467 
Zippeite,  588 
Zircon.  429 
Zirconium  dioxide,  346 

silicate,  429;  896 
Zlrkelite.  846 
Zoisite.  487 
Zorgite.  289 
Zuuyite.  414 
Zwieselite,  509 
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AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby's  Principles  of  Animal  Nutrition 8vo,  $4  00 

Budd  and  Hansen's  American  Horticultural  Bianual: 

Part  I.  Propagation,  Culture,  and  Improvement z2mo,  z  50 

Part  II.  Systematic  Pomology z2mo,  z  50 

Elliott's  Engineering  for  Land  Drainage i2mo,  z  50 

Practical  Farm  Drainage  ad  Edition.  Rewritten . zamo,  z  50 

Graves's  Forest  Mensuration 8vo,  4  00 

Green's  Principles  of  American  Forestry .zamo,  z  50 

Grotenfelt's  Principles  of  Modern  Dairy  Practice.     (WoU).. zamo,  2  00 

*  Herrick's  Denatured  or  Industrial  Alcohol 8vo,  4  00 

Kemp  and  Waugh's  Landscape  Gardening.     New  Edition*  Rewritten.     (In 

Preparation.) 

*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making Svo,  z  eo 

Maynard's  Landscape  Gardening  as  Applied  to  Home  Decoration zamo,  z  50 

Quaintance  and  Scott's  Insects  and  Disea&es  of  Fruits.     (In  Preparation). 

Sanderson's  Insects  Injurious  to  Staple  Crops zamo,  z  50 

*  Schwarz's  Longleaf  Pine  in  Virgin  Forests zamo,  z  25 

Stockbndge's  Rocks  and  Soils Svo,  a  50 

Winton's  Microscopy  of  Vegetable  Foods Svo,  7  50 

Woll's  Handbook  for  Farmen  and  Dairymen. z6mo,  z  50 

ARCHITECTURE. 

Bakiwin's  Steam  Heating  for  Btiildings zamo,  a  50 

Berg's  Buildings  and  Structures  of  American  Railroads. 4to,  5  00 

Birkmire's  Architectural  Iron  and  SteeL Svo,  3  50 

Compound  Riveted  Girders  as  Applied  in  Buikiings. Svo,  a  00 

Planning  and  Construction  of  American  Theatres. Svo,  3  00 

Planning  and  Construction  of  High  Office  BuikiingB. Svo,  3  50 

Skeleton  Construction  in  Buildings Svo,  3  00 

Briggs's  Modem  American  School  Buildings Svo,  4  00 

Byrne's  Inspection  of  Material  and  Wormanship  Employed  In  Construction. 

z6mo,  3  00 

Carpenter's  Heating  and  Ventikting  of  Buikiings Svo,  4  00 

*  Corthell's  Allowable  Pressure  on  Deep  Foundations lamo^  i  as 

1 


SMtac^  Architectural  Encineerins. 8vo  3  so 

Firefiroofinc  of  Steel  Buildinpi. Srop  a  50 

French  and  Ivet't  Stereotomy. Sro,  2  so 

Oerhard't  Guide  to  Sanitary  House-Inapeetion. i6mo»  i  00 

♦  Modem  Baths  and  Bath  Houaei 8vo»  300 

Sanitation  of  Public  Bufldlnct zamo,  I  50 

Theatre  Fires  and  Panics. zanio,  z  50 

Holley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes 

Large  iamo»  a  So 

Johnson's  Statics  by  Algebraic  and  Graphic  Methods 8vo,  a  00 

KeUaway's  How  to  Lay  Out  Suburban  Home  Grounds 8vo,  a  00 

Kidder's  Architects'  and  Builders'  Pocket-book. i6mo,  mor.  5  00 

Maire's  Modem  Pigments  and  *heir  Vehicles lamo,  2  00 

Merrill's  Non-metallic  Minerals:   Their  Occurrence  and  Uses. 8vo,  4  00 

Stones  for  Building  and  Decoration. 8vo,  5  00 

Monckton's  Stair-building 4to,  4  00 

Patton's  Practical  Treatise  on  Foundations. 8vo,  5  00 

Peabod]r's  Naval  Architecture 8vo,  7  50 

Rice's  Concrete-block  Mantifacture 8vo,  2  00 

Richey's  Handbook  for  Superintendents  of  Construction z6mo,  mor.  4  00 

*  Building  Mechanics'  Ready  Reference  Book : 

*  Building  Foreman's  Pocket  Book  and  Ready  Reference.     (In 

Preparation.) 

*  Carpenters*  and  Woodworkers'  Edition i6mo,  mor.  z  50 

*  Cement  Workers  and  Plasterer's  Edition i6mo,  mor.  z  50 

*  Plumbers',  Steam-Filters',  and  Tinners'  Edition z6mo,  mor.  z  50 

*  Stone-  and  Brick-masons'  Edition z6mo,  mor.  z  50 

Sabin's  House  Painting z2mo,  z  00 

Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo,  3  00 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry. Svo,  z  50 

Snow's  Principal  Species  of  Wood Svo,  3  50 

Towne's  Locks  and  Builders'  Hardware z8mo,  mor.  3  00 

Wait's  Engineering  and  Architectural  Jurisprudence Svo,  6  00 

Sheep,  6  50 

Law  of  Contracts Svo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 

tectiire •  • Svo,  5  00 

Sheep,  5  50 

Wilson's  Air  Conditioning zamo,  z  5* 

Worcester  and  Atkinson's  Small  Hospitals,  Establishment  and  Maintenance, 
Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small  Hospital 

zamo,  z  as 

ARMY  AND  NAVY. 

Bemadou's  Smokeless  Powder,  Nitro-cellulose,  and  the  Theory  of  the  Cellulose 

Molecule zamo. 

Chase's  Art  of  Pattern  Making zamo, 

Screw  Propellers  and  Marine  Propulsion. Svo, 

Cloke's  Enlisted  Specialist's  Examiner.     (In  Press.) 

Gunner's  Examiner 8vo, 

Craig's  Azimuth 4to, 

Crehore  and  Squier's  Polariiing  Photo-chronograph. Svo, 

»  Davis's  Elements  of  Law 8vo, 

♦  Treatise  on  the  Military  Law  of  United  States. 8vo, 

Sheep, 
De  Brack's  Cavahy  Outpost  Duties.     (Carr) a4mo.  mor. 

♦  Dudley's  MiliUry  Law  and  the  Procedure  of  Courts-martial. . .  Large  zamo, 
Dorand's  Resistance  and  Propulsion  of  Ships. g^, 

a. 
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*  Dyer's  Handbook  of  Light  Artillery. zamo, 

Elssler's  Modern  High  Explosives. 8to, 

*  Fiebeger*s  Text-book  on  Field  Fortification Large  Z2mo, 

Hamilton  and  Bond's  The  Gunner's  Catechism z8mo, 

*  Hofif's  Elei  lentary  Naval  Tactics. .  .* 8vo, 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo, 

*  Lissak's  Ordnance  and  Gunnery Svo, 

*  Ludlow's  Logarithznic  and  Trigonometric  Tables 8vo, 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.1.  and  II..  8vo,  each» 

*  Mahan's  Permanent  Fortifications.     (Mercur) 8vo,  half  mor. 

Manual  for  Courts-martial z6mo,  mor. 

*  Mercur's  Attack  of  Fortified  Places z2mo, 

*  Elements  of  the  Art  of  War 8vo. 

Metcalf's  Cost  of  Manufactures — And  the  Administration  of  Workshops.  .8vo, 

Nixon's  Adjutants'  ManuaL 24rao, 

Peabody's  Naval  Architecture 8vo, 

*  Phelps's  Practical  Marine  Surveying 8vo, 

Putnam's  Nautical  Charts.     (In  Press.) 

Sharpe's  Art  of  Subsisting  Armies  in  War i8mo,  mor.    z  50 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and    Musketry  Fencing. 

24mo,  leather,        50 

*  Weaver's  Military  Explosives 8vo,    3  00 

Woodhull's  Notes  on  Military  Hygiene z6mo,     z  50 


ASSAYING. 

Betts's  Lead  Refimng  by  Electrolysis 8vo,    4  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blawpipe. 

x6mo,  mor. 

Furman's  Manual  of  Practical  Assaying 8vo, 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.  . .  .8vo» 

Low's  Technical  Methods  of  Ore  Analysis 8vo, 

Miller's  Cyanide  Process x2mo, 

Manual  of  Assaying z2mo, 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo) Z2mo, 

O'Driscol.'s  Notes  on  the  Treatment  of  Gold  Ores 8vo, 

Ricketts  and  Miller's  Notes  on  Assaying 8vo, 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc) 8vo, 

Ulke's  Modern  Electrolytic  Copper  Refining 8vo, 

Wilson's  Chlorination  Process Z2mo, 

Cyanide  Processes z2mo, 


ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

Craig's  Azimuth 4to,  3  50 

Crandali's  Text-book  on  Geodesy  and  Least  Squares..' 8vo,  3  00 

Doolittle's  Treatise  on  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  50 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star-Finding  Tables.     (In  I^ess.) 

*  White's  Elements^f  Theoretical  and  Descriptive  Astronomy Z2m0f  2  00 
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CHEMISTRY. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty  Lectures.    (Hall  and  Defren) 

8to»  5  DO 

*  Abes^K's  Theory  of  Electrolytic  Dissociation.    (Von  Ende) lamo,  z  as 

AlezeyefF'3  Oeneral  Principles  of  Or^aoic  Syntheses.    (Matthews) 8vo,  3  00 

Allen's  Tables  for  iron  Analysis 8vo,  3  00 

Arnold's  Compendium  of  Chemistry.     (ICandel) Large  lamo,  3  50 

Association  of  State  and  National  Food  and  Dairy  Departments,  Hartford, 

Meeting,  1906 8to,  3  00 

Jamestown  Meeting,  1907 8vo,  3  00 

Austen's  Notes  for  Chemical  Students i2mo,  i  50 

Baskerville's  Chemical  Elements.     (In  Preparation.) 

Bemadou's  Smokeless  Powder. — Nitro-ceUulose,  and  Theory  of  the  Cellulose 

Molecule lamo,  2  50 

*Blanchard's  Ssrnthetlc  Inorganic  Chemistry. X2mo,  i  00 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  i  50 

Brush  and  Penfield's  Manual  of  Determinative  Mineralogy Svo,  4  00 

*  Claassen's  Beet-sugar  Manufacture.     (Hall  and  Rolfe) 8vo,  3  00 

Classen's  (^antitative  Chemical  Analysis  by  Electrolysis.    (Boltwood)..  .8vo,  3  00 

Cohn's  Indicators  and  Test-papers ismo,  2  00 

Tests  and  Reagents. Svo,  3  00 

*  Danncel's  Electrochemistry.     (Merriam) X2mo,  i  25 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess) Svo,  4  00 

Eakle's  Mineral  Tables  for  the  Determination  of  Minerals  by  their  Physical 

Properties Svo,  x  25 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Effront's  Enzirmes  and  their  Applications.     (Prescott) S70,  3  00 

Erdmann's  Introduction  to  Chemical  Preparations.     (Dunlap) X2mo,  x  25 

*  Fischer's  Physiology  of  Alimentation  .    Large  X2mo,  2  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

X2mo,  mor.  x  50 

Fowler's  Sewage  Works  Analyses i2mo,  2  00 

Fresenius's  Manual  of  Qualitative  Chemical  Analysis.     (Wells) Svo,  5  00 

Bianual  of  Qualitative  Chemical  Analysis.  Part  I.  Descriptive.  (Wells)  Svo,  3  00 

Quantitative  Chemical  Analysis.    (Cohn)    2  vols Svo,  X2  50 

When  Sold  Separately,  Vol.  I,  $6.     VoL  U,  $8. 

Fuertes's  Water  and  Public  Health. X2mo,  i  50 

Furman's  Manual  of  Practical  Assaying Svo,  3  00 

*  Getman's  Exercises  in  Physical  Chemistry x2mo,  2  00 

GiU's  Gas  and  Fuel  Analysis  for  Engineers x2mo,  z  25 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  x2mo,  x  25 

Grotenfelt's  Principles  of  Modem  Dairy  Practice.     (Woll) x2mo,  2  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) X2mo,  x  25 

Hammarsten's  Text-book  of  Physiological  Chemistry.     (Mandel) Svo,  4  00 

Hanausek's  Microscopy  of  Technical  Prodocts.      Winton) 8vo,  5  00 

*  Haskins  and  Bfacleod's  Organic  Chemistry x2mo,  2  00 

Helm's  Principles  of  Mathematical  Chemistry.     (Morgan) X2mo,  x  50 

Hering's  Ready  Reference  Tables  (Conversion  Factors) x6mo,  mor.  a  50 

*  Herrick's  Denatured  or  Industrial  Alcohol Svo,  4  00 

Hinds's  Inorganic  Chemistry 8vo,  3  00 

*  Laboratory  Manual  for  Students i2mo,  x  00 

*  Holleman's    Laboratory   Manual    of   Organic    Chemistry  for   Beginners. 

(Walker) x2mo,  x  00 

Text-book  of  Inorganic  Chemistry.     (Cooper) Svo,  a  50 

Text-book  of  Organic  Chemistry.     (Walker  and  Mott) Svo,  2  50 

Honey  and  Ladd's  Analysis  of  Mixed  Paints,  Cok>r  Pigments,  and  Vamishea. 

Large  x2mo,  a  50 
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Hopkins's  Oil-chemists'  Handbook 8to,  3  00 

Iddlngs's  Rock  Minerab 8vo,  5  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiok)gical  Chemistry.  .8to,  i  25 

Johannsen's  Determination  of  Rock-formins  Ifinerals  in  Thin  Sections..  .8vo,  4  00 
Johnson's  Chemical  Analysis  of  Special  Steels.     (In  Preparation.) 

Keep's  Cast  Iron. 8to,  2  50 

Ladd's  Manual  of  QuantitatiTe  Chemical  Analysis ismo,  x  00 

JLandauer's  Spectrum  Analysis.     (Tingle) 8vo,  3  00 

*  LAngwurthy  and  Austen's  Occurrence  of  Aluminium  in  Vegetable  Prod- 

ucts, Animal  Products,  and  Natural  Waters 8vo,  :.  00 

Lassar-Cohn's  Application  of  Some  General  Reactions  to  Investigations  in 

Organic  Chemistry.     (Tingle) lamo,  i  00 

Leach's  Inspection  and   Analysis  of  Food  with   Special  Reference  to  State 

Control 8vo,  7  50 

Lob's  Electrochemistry  of  Organic  Compounds.     (Lorenz) 8yo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments. ..  .8vo,  3  00 

Low's  Technical  Method  of  Ore  Analysis 8vo,  3  00 

Lunge's  Techno-chemical  Analysis.     (Cohn)..'' i2mo,  x  00 

*  MciCay  and  Larsen's  Principles  and  Practice  of  Butter-making 8vo,  i  50 

Maire's  Modem  Pigments  and  their  Vehicles lamo,  2  00 

Mandel's  Handbook  for  Bio-chemical  Laboratory xamo,  x  50 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe . .  xamo,  60 
Mason's  Examination  of  Water.     (Chemical  and  Bacteriological.).  .  ..x2mo,  x  25 

Water-supply.     (Considered  Principally  from   a   Sanitary  Stan  dpi 

8vo,  4  00 

Matthews's  Textile  Fibres.     2d  Edition,  Rewritten 8vo,  4  00 

*  Meyer's  Determination  of  Radicles  in  Carbon  Compounds.     (Tingle;..  lamo,  x  25 
Miller's  Cyanide  Process lamo,  x  00 

Manual  of  Assaying i2mo,  x  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     c Waldo) i2mo,  2  50 

Mixter's  Elementary  Text-book  of  Chemistry x2mo,  x  50 

Morgan's  Elements  of  Physical  Chemistry x2mo,  3  00 

Outline  of  the  Theory  of  Solutions  and  its  Results. i2mo,  i  00 

*  Physical  Chemistry  for  Electrical  Engineers i2mo,  x  50 

Morse's  Calculations  used  in  Cane-sugar  Factories i6mo,  mor.  i  50 

*  Muir's  History  of  Chemical  Theories  and  Laws 8vo,  4  00 

MuUiken's  General  Method  for  the  Identification  of  Pure  Organic  Compounds. 

VoL  I Large  8vo,  5  00 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ostwald's  Conversations  on  Chemistry.     Part  One.    (Ramsey > X2mo,  i  50 

"           *•             Part  Two.     (TurnbuU) i2mo.  2  00 

*  Palmer's  Practical  Test  Book  of  Chemistry x2mo,  x  00 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer)     .     i2mo,  x  25 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper,  50 
Tables  of  Minerals,  Including  the  Use  of  Minerals  and  Statistics  of 

Domestic  Production 8vo,  x  00 

Pictet's  Alkaloids  and  their  Chemical  Constitution.     (Biddle) 8vo,  5  00 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analsrsis i2mo,  i  50 

*  Reisig's  Guide  to  Piece-dyeing 8vo,  25  00 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Standpoint. .8 vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo,  4  00 

Sewage  and  the  Bacterial  Purification  of  Sewage 8vo,  4  00 

Riggs's  Elementary  Manual  for  the  Chemical  Laboratory 8vo,  i  25 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc) 8vo,  4  00 

Ruddiman*s  Incompatibilities  in  Prescriptions 8vo,-  2  00 

Whys  in  Pharmacy x2mo,  i  00 
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Xerriman  and  Jacoby't  Text-book  on  Roofs  and  Bridges: 

Part  I.     Stresses  in  Simple  Trusses 8to,  a  50 

Part  n.    Graphic  Statics. 8vo,  2  50 

Part  m.  Bridge  Design 8to,  2  50 

Part  IV.  Higher  Structures 8to,  2  50 

Morison's  Memphis  Bridge Oblong  4to,  10  00 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams*  and  Arches. 

8vo,  2  00 

WaddelTs  ]>e  Pontibus,  Pocket-book  for  Bridge  Engineers . . x6mo,  mor,  2  00 

*         Specifications  for  Steel  Bridges zamo,  50 

Waddell  and  Harrington's  Bridge  Engineering.     (In  Preparation.) 

Wright* 8  Designing  of  Draw-spans.    Two  parts  in  one  vohime. 8vo»  3  50 


HYDRAULICS. 

Barnes's  Ice  Formation 8vo,  3  00 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.     (Trautwine) 8vo,  a  00 

BoTey*8  Treatise  on  Hydraulics. 8vo,  5  00 

Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to,  paper,  i  50 

Hydraulic  Motors 8vo,  a  00 

Mechanics  of  Engineering 8vo,  6  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems x6mo,  mor.  a  50 

Flather's  Dsmamometers,  and  the  Measurement  of  Power lamo,  3  00 

Folwell's  Water-supply  Engineering. 8vo,  4  00 

Frizell's  Water-power 8vo,  5  00 

Fuertes's  Water  and  Public  Health. lamo,  x  50 

Water-filtration  Works lamo,  a  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     CHering  and  Trautwine) 8yo»  4  00 

Hazen's  Clean  Water  and  How  to  Get  ft Large  lamo,  i  50 

Filtration  of  Public  Water-supplies 8vo,  3  00 

Hazlehurst's  Towers  and  Tanks  for  Water-works 8vo,  a  50 

Herschel's  Z15  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits. 8vo,  a  00 

Hoyt  and  Grover's  River  Discharge 8vo,  a  00 

Hubbaid  and  Kiersted's  Water- works  Management  and  Maintenance 8vo,  4  00 

♦  Lyndon's  Development  and  Electrical  Distribution  of  Wa^er  Power.  . .  .8vo,  3  00 
Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint) 

8vo,  4  00 

Merriraan's  Treatise  on  Hydraulics 8vo,  5  00 

♦  Michie's  Elements  of  Analytical  Mechanics 8vo»  4  00 

♦  Molltor's  Hydraulics  of  Rivers.  Welts  and  Sluices .  .  8vo,  i  00 

Schuyler's  Reservoirs  for  Irrigation,  Water-power,  and  Domestic  Water- 
supply Large  8vo,  5  00 

♦  Thomas  and  Watt* s  Improvement  of  Rivers 4to,  6  00 

Tumeaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams.     5th  Ed.,  enlarged    ....  4to,  6  00 

Water-supply  of  the  City  of  New  York  from  1658  to  1895 4to,  10  00 

Whipole's  Value  of  Pure  Water Large  xamo,  i  00 

Williams  and  Hazen's  Hydraulic  Tables 8vo,  1  50 

Wilson's  Irrigation  Engineering Small  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Elements  of  Analytical  Mechanics 8vo.  3  00 

Tuiblnai. Svo.  2  50 
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MATERIALS  OF  ENGINEERING; 

Baker's  Roads  and  Pavements. 8vo,  5  00 

Treatise  on  liasonry  Construction 8vo*  5  00 

Birkmire'tf  Architectural  Iron  and  Steel Svo,  3  50 

Compound  Riyeted  Girders  as  Applied  in  Buildings 8vo,  a  00 

Black's  United  States  Public  Works Oblong  410,  5  00 

Bleininger's  Manufacture  of  Hydraulic  Cement.     (In  Preparation.) 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  liaterials  of  Engineering. 8vo,  7  50 

Byrne's  Highway  Construction 8vo,  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

x6mo,  3  00 

Church's  Mechanics  of  Engineering 8vo,  6  00 

Du  Bois's  Mechanics  of  Engineering. 

Vol.  L  Kinematics,  Statics,  Kinetics Small  4to,  7  50 

Vol.  n.  The  Stresses  in  Framed  Structures,  Strength  of  Materials  and 

Theory  of  Flexures. Cmall  4to,  10  00 

^Eckel's  Cements,  Limes,  and  Plasters 8vo,  6  00 

Stone  and  Clay  Products  used  in  Engineering.     (In  Preparation.) 

Fowler's  Ordinary  Foundations. 8vo,  3  50 

Graves's  Forest  Mensuration. 8vo,  4  00 

Green's  Principles  of  American  Forestry lamo,  z  50 

*  Greene's  Structural  Mechanics. 8to,  a  50 

Holly  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments  and  Varnishes 

Large  lamo,  a  50 
Johnson's  (C.  M.)  Chemical  Analjrsis  of  Special  Steels.     (In  Preparation.) 

Johnson's  (J.  B.)  Materials  of  Construction Large  8to,  6  00 

Keep's  Qast  Iron. 8vo,  a  50 

Kidder's  Architects  and  Builders'  Pocket-book i6rao,  5  00 

Lanza's  Applied  Mechanics 8vo,  7  50 

Maire's  Modern  Pigments  and  their  Vehicles     ...          lamo,  a  00 

Martens's  Handbook  on  Testing  Materials.     (Henning)     a  vols 8vo,  7  50 

Maurer's  Technical  Mechanics. 8to,  4  00 

Merrill's  Stones  for  Building  and  Decoration. 8vo,  5  oc 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

*  Strength  of  Materials lamo,  i  00 

Metcalf's  SteeL    A  Manual  for  Steel-users lamo,  a  00 

Morrison's  Highway  Engineering 8vo,  a  50 

Patton's  Practical  Treatise  on  Foundations. 8vo,  5  00 

Rice's  Concrete  Block  Manufacture 8vo,  a  o© 

Richardson's  Modem  Asphalt  Pavements 8vo.  a  00 

Richey's  Handbook  for  Superintendents  of  Construction lOmo,  mor.  4  00 

*  Ries's  Clays:  Their  Occurrence,  Properties,  and  Uses 8vo,  5  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  ard  Varnish 8vo,  3  00 

•Schwarz'sLonjrleafPlnc  in  Vlrjrin  Forest "nio,  i  25 

Snow's  Principal  Species  of  Wood 8vo.  3  50 

Spalding's  Hydraulic  Cement. "  2™0'  »  ^ 

Text-book  on  Roads  and  Pavements lamo.  2  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo.  8  00 

Part  I.     Non-metaffic  Materials  of  Engineering  and  MetaUurgy 8vo,  a  00 

Part  n.    Iron  and  Steel 8^o«  3  50 

Part  in.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  a  50 

T!llson*s  Street  Pavements  and  Paving  Materials «vo.  4  00 

Tumeaure  and  Mauier's  Principles  of  Reinforced  Concrete  Constniction- •  8vo,  3  00 
Waterbury*s  Manual  of  Instnsctionsibr  the  Use  of  Students  in  Cement  Labora- 
tory Practice.    (In  Press.) 
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Wood's  (I>e  V.)  TreatiM  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  a  oo 

Wood's  (H  P.)  Rustless  Coatings:    Corrosion  and  Electrolysis  of  Iron  and 

.'   SteeL 8vo,  400 

RAILWAY  ENGINEERIITG. 

Andrews's  Handbook  for  Street  Railway  Engineers 3x5  inches,  mor.  z  as 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brooks's  Handbook  of  Street  Railroad  Location. i6mo,  mor.  x  50 

Butt* s  Civil  Engineer's  Field-book x6mo,  mor.  a  50 

Crandall's  Raihvay  and  Other  Earthwork  Tables. 8vo,  z  50 

Transition  Curve z6mo,  mor.  z  50 

*  Crockett's  Methods  for  Earthwork  Computations 8vo,  z  50 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book z6mo,  mor.  5  00 

Dredge's  History  of  the  Pennsylvania  Railroad:   (Z879) Paper,  5  00 

Fisher's  Table  of  Cubic  Yards Cardboard,  25 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide. . .  z6mo,  mor.  2  50 
Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments.   8vo,  z  00 

Ives  and  Hilts's  Problems  in  Surveying,  Railroad  Surveying  and  Geodesy 

z6mo,  mor.  z  50 

M^litor  and  Beard's  lianual  for  Resident  Engineers. z6mo,  z  00 

Nagle's  Field  Manual  for  Railroad  Engineers z6mo,  mor.  3  00 

Philbrick's  Field  Manual  for  Engineers z6mo,  mor.  3  00 

Raymond's  Railroad  Engineering.     3  volumes. 

VoL      L  Railroad  Field  Geometry.     (In  Preparation.) 

Vol.    II.  Elements  of  Railroad  Engineering 8vo,  3  50 

Vol.  III.  Railroad  Engineer's  Field  Book.     (In  Preparation.) 

Searles's  Field  Engineering z6mo,  mor.  3  00 

Railroad  SpiraL i6mo,  mor.  z  50 

Taylor's  Prismoidal  Formulae  and  Earthwork 8vo,  z  50 

*  Trautwine's  Field  Practice  of  Laying  Out  Circular  Curves  for  Raibroads. 

x'amo.  mor.  2  50 

*  Method  of  Calculating  the  Cubic  Contents  of  Excavations  and  Embank- 

ments by  the  Aid  of  Diagrams 8vo,  a  00 

Webb's  Economics  of  Railroad  Construction. Large  zamo,  a  50 

Railroad  Construction. z6mo,  mor.  5  00 

Wellington's  Economic  Theory  of  the  Location  of  Railways. Small  8vo,  5  00 

DRAWING, 

Barr's  Kinematics  of  Machinery 8vo,  a  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "                   "              ••            Abridged  Ed 8vo,  z  50 

Coolidge's  Manual  of  Drawing 8vo.  paper,  z  00 

Coolidge  and  Freeman's  Elements  ot  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to,  a  50 

Durley's  Kinematics  of  liachines. 8vo,  4  00 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications. 8vo,  a  50 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo,  a  00 

Jaiziison's  Advanced  Mechanical  Drawing 8vo,  a  00 

Elements  of  Mechanical  Drawing 8vo,  a  50 

Jones's  Machine  Design: 

Part  I.    Kinematics  of  liachinery 8vo,  z  50 

Part  n.    Form,  Strength,  and  Proportions  of  Parts. 8vo,  3  00 

MacC^rd's  Elements  of  Descriptive  Geometry. 8vo,  3  oc 

Kinematics;  or,  Practical  Mechanism. 8vo,  5  00 

Mechanical  Drawing. 4to,  4  00 

Velocity  Diagrams. 8vo,  z  50 
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McLeod't  Descriptive  Geometry Large  lamo, 

*  Malum*!  Descriptive  Geometry  and  Stone-cutting 8vo« 

Industrial  Drawing.     (Thompson) 8vo, 

Moyer's  Descriptive  Geometry 8vo, 

Reed's  Topographical  Drawing  and  Sketching 4to, 

Reid's  Course  in  Mechanical  Drawing 8vo, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo, 

Robinson's  Principles  of  Mechanism \. 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism. 8vo, 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan) 8vo, 

Smith  (A.  W.)  and  Mane's  Machine  Design. 8vo, 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo, 

Warren's  Drafting  Instruments  and  Operations i2mo, 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective 8vo, 

Elements  of  Machine  Construction  and  Drawing 8vo, 

Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing i2mo. 

General  Problems  of  Shades  and  Shadows 8vo, 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

Shadow lamo. 

Manual  of  Elementary  Projection  Drawing lamo, 

Plane  Problems  in  Elementary  Geometry iimo. 

Problems,  Theorems,  and  Examples  in  Descriptive  Geometry 8vo, 

Weisbach's  Kinematics  and  Power  of  Transmission.  (Hermann  and 
Klein) : 8vo. 

Wilson's  (H.  M.)  Topographic  Surveying 8vo, 

Wilson's  (V.  T. )  Free-hand  Lettering 8vo, 

Free-hand  Perspective 8vo, 

Woolf 's  Elementary  Course  in  Descriptive  Geometry Large  8vo, 

ELECTRICITY  AND  PHYSICS. 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende) lamo, 

Andrews's  Hand-Book  for  Street  Railway  Engineering   ...3X5  inches,  mor. 

Anthony  and  Brackett's  Text-book  of  Physics.     (Magie) Large  lamo, 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measurements. . . .  lamo, 
Benjamin's  History  of  Electricity 8vo, 

Voltaic  CeU. 8vo. 

Betts's  Lead  Refining  and  Electrolysis 8vo, 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood)..8vo, 

*  Collins's  Manual  of  Wireless  Telegraphy z2mo, 

Mor. 
Crehore  and  Squier's  Polarizing  Photo^hronograph 8vo, 

*  Danneel's  Electrochemistry.    (Merriam^ lamo, 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book  ....  i6mo,  mor. 

Dolezalek's  Theory  of  the  Lead  Accumulator  (Storage  Battery),     (von  Ende) 

x2mo, 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess) 8vo, 

Flather's  Dynamometers,  and  the  Measurement  of  Power lamo, 

Gilbert's  De  Magnete.     (Mottelay ) 8vo, 

*  Hanchett's  Alternating  Currents lamo, 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  mor. 

*  Hobart  and  Ellis's  High-speed  Dynamo  Electric  Machinery 8vo, 

Holman's  Precision  of  Measurements. • 8vo, 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests. . .  .Large  8vo, 

*  Karapetotf's  Experimental  Electrical  Bngineering 8vo, 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo, 

Landauer's  Spectrum  Analysis.     (Tingle) 8vo, 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess )..iamo, 
Ldb's  Electrochemistry  of  Organic  Compounds.     (Lorenz) 8vo, 

*  Lendon's  Development  and  Electrical  Distribntion  of  Water  Tower . . .  .8vo, 
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*  Lyons's  Treatise  on  Blectromacnetic  Phenomena.  Vols.  I.  and  II.  8vo,  each,  6  oo 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light. 8vo.  4  00 

Morgan's  Outline  of  the  Theory  of  Solution  and  its  Results X2mo,  x  00 

*  Physical  Chemistry  for  Electrical  Engineers X2m0i  i  50 

Niaudet*s  Elementary  Treatise  on  Electric  Batteries.     (Fishback) X2mo,  a  50 

*  Norris's  Introdoctioii  to  the  Study  of  Electrical  Engineering 8vo,  a  50 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  mor.  la  50 

Reagan's  Locomotives:   Simple,  Compound,  and  Electric.      New  Edition. 

Large  xamo,  3  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Klnzbrunner).  ..  .Svo,  2  co 

Ryan,  Norris,  and  Hozie's  Electrical  Machinery.     VoL  I Svo,  a  50 

Schapper's  Laboratory  Guide  for  Students  in  Phsrsical  Chemistry lamo,  i  00 

*  Tillman's  Elementary  Lessons  in  Heat Svo,  i  50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics. Large  12 mo,  a  ;Ai 

Ulke's  Modem  Electrolytic  Copper  Refining Svo,  3  00 

LAW. 

*  Davis's  Elements  ot  Law Svo,  a  50 

*  Treatise  on  the  Military  Law  of  United  States. Svo,  7  00 

*  Sheep,  7  50 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial . . .  .Large  lamo,  a  50 

Manual  for  Courts-martiaL i6mo,  mor.  i  50 

Waifs  Engineering  and  Architectural  Jurisprudence Svo,  6  00 

Sheep,  6  50 

Law  of  Contracts. Svo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  Svo-  5  00 

Sheep,  5  50 

MATHEMATICS. 

Baker's  Elliptic  Functions Svo,  x  50 

Briggs's  Elements  of  Plane  Analsrtic  Geometry.    (B6cher) x  amo,  x  00 

*  Buchanan's  Plane  and  Spherical  Trigonometry Svo.  x  00 

Byerley's  Harmonic  Functions Svo,  i  00 

Chandler's  Elements  of  the  Infinitesimal  Calculus xamo,  a  00 

Compton's  Manual  of  Logarithmic  Computations i  amo,  i  50 

*  Dickson's  College  Algebra Large  lamo,  i  50 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  lamo,  i  25 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications Svo,  a  50 

Fiske's  Functions  of  a  Complex  Variable Svo,  i  00 

Halsted's  Elementary  Synthetic  Geometry Svo,  x  50 

Elements  of  Geometry Svo,  x  75 

*  Rational  Geometry xamo,  i   50 

Hyde's  Grassmann's  Space  Analysis Svo,  x  00 

*  Jonnson's  {J-  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  size,  paper,  15 

xoo  copies,  5  00 

*  Mounted  on  heavy  cardboard,  S  X  xo  inches,  as 

xo  copies,  2  00 

Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  Integral  Calculus 

Large  x2mo,  x  vol.  2  50 

Curve  Tracing  in  Cartesian  Co-ordinates X2mo,  x  00 

Differential  Equations'. Svo,    x  00 

Elementary  Treatise  on  Differential  Calctilus Large  xamo,  x  50 

Elementary  Treatise  on  the  Integral  Calculus Large  X2mo,  x  50 

*  Theoretical  Mechanics xamo,  3  00 

Theory  of  Errors  and  the  Method  of  Least  Squares xamo,  x  50 

Treatise  on  Differential  Calculus Large  xamo,  3  00 

Treatise  on  the  Integral  Calculus Large  xamo,  3  00 

Treatise  on  Ordinary  and  Partial  Differential  Equations. .  Large  xamo*  3  50 

12 


Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and  Emory )..x3mo,     a  oo 

*  Ltidlow  and  Bass's  Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8to,     j  oo 

Trigonometry  and  Tables  published  separately Each,     a  oo 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo,     x  oo 

Macf arlane's  Vector  Analysis  and  Quaternions Syo,    x  oo 

McMahon*s  Hyperbolic  Functions 8vo,    x  oo 

Manning's  Irrational  Numbers  and  their  Representation  by  Sequences  and 

Series xamo,     x  25 

Mathematical  Monographs.     Edited  by  Mansfield  Merriman  and  Robert 

S.  Woodward Octavo,  each    x  00 

No.  X.  History  of  Modern  Mathematics,  by  David  Eugene  Smith. 
No.  3.  Synlhetic  Projective  Geometry,  by  George  Bruce  Halsted. 
No.  3.  Determinants,  by  Laenas  GifFord  Weld.  No.  4.  Hjrper- 
boUc  Functions,  by  James  McMahon.  No  3.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Space  Analysis, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  9.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  xo.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  11.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Fiske. 

Maurer'^  Technical  Mechanics 8vo,    4  00 

Merriman's  Method  of  Least  Squares. 8vo,    a  00 

Solution  of  Equations 8vo,    x  00 

Rice  and  Johnson's  Differential  and  Integral  Calculus,     a  vols,  in  one. 

I^rge  xamo,     i  50 

Elementary  Treatise  on  the  Differential  Cakuhis. Large  xamo.    3  00 

Smith's  History  of  Modern  Mathematics 8vo,    x  00 

"  Veblen  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analysis  of  One 

Variable 8vo,     a  00 

*  Waterbury's  Vest  Pocket  Hand-Book  of  Matheixiatics  for  Engine  rs. 

aiXSd  inches,  mor.  x  00 

Weld's  Determinations 8vo,  x  co 

Wood's  Elements  of  Co-ordinate  Geometry 8vo,  a  00 

Woodward's  Probability  and  Theory  of  Errors. 8vo,  i  00 

MECHANICAL  ENGINEERING. 
MATERIALS  OF  ENGINEERING,  STEAM-ENGINES  AND  BOILERS. 

Bacon's  Forge  Practice xamo,  x  50 

Baldwin's  Steam  Heating  for  Buildings lamo,  a  50 

Bair's  Kinematics  of  Machinery 8vo,  a  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "  "  "        Abridged  Ed. 8vo,    x  50 

Benjamin's  Wrinkles  and  Recipes xamo,    a  00 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo,    3  50 

Carpenter's  Experimental  Engineering 8vo,    6  00 

Heating  and  Ventilating  Buildings 8vo,  4  00 

Clerk's  Gas  and  Oil  Engine Large  xamo,  4  00 

Compton's  First  Lessons  in  Metal  Working xamo,  x  50 

Compton  and  De  Groodt's  Speed  Lathe xamo,  x  50 

Coolidge's  Manual  of  Drawing 8vo,  paper,  i  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  2  50 

Cromwell's  Treatise  on  Belts  and  Pulleys xamo,  x  50 

Treatise  on  Toothed  Gearing xamo,  i  50 

Durley's  Kinematics  of  Machines 8vo,  4  00 
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Fkther'8  Dytuunometen  and  the  Measurement  of  Power zamo. 

Rope  Driving xamc. 

Gill's  Gas  and  Fuel  Analysis  for  Engineers i2mo, 

Goss*  1  Locomotive  S|»arks 8vo, 

Greene's  Pumping  Machinery.     (In  Preparation.) 

Hering's  Ready  Reference  Tables  (Conversion  Factors) z6mo,  mor. 

*  Hobart  and  Ellis's  High  Speed  Dynamo  Electric  Machinery 8vo. 

Hutton's  Gas  Engine. 8vo, 

Jjunison's  Advanced  Mechanical  Drawing. 8vo, 

Elements  of  Mechanical  Drawing Svo, 

Jones's  Machine  Design: 

Part  I.     Kinematics  of  Machinery 8vo, 

Part  n.     Form,  Strength,  and  Proportions  of  Parts 8vo, 

Kent's  Mechanical  Engineers'  Pocket-book z6mo,  mor. 

Kerr's  Power  and  Power  Transmission 8vo, 

Leonard's  Machine  Shop  Tools  and  Methods' 8vo, 

*  Lorenz's  Modem  Refrigerating  Machinery.    (Pope,  Haven,  and  Dean) . . .  8vo, 
MacCord's  Kinematics;  or,  Prac^cal  Mechanism 8vo. 

Mechanical  Drawing 4to, 

Velocity  Diagrams 8vo, 

MacFarland's  Standard  Reduction  Factors  for  Gases 8vo, 

Mahan's  Industrial  Drawing.     (Thompson) 8vo, 

*  Parshall  and  Hobart's  Electric  Machine  Design Small  4to,  half  leather,  12  50 

Peele's  Compressed  Air  Plant  for  Mines 8vo, 

Poole's  Calorific  Power  of  Fuels • 8vo, 

*  Porter's  Engineering  Reminiscences,  1855  to  1882 8vo, 

Retd's  Course  in  Mechanical  Drawing 8vo, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo, 

Richard's  Compressed  Air lamo, 

Robinson's  Principles  of  Mechanism 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism. 8vo, 

Smith's  (O.)  Press-working  of  Metals 8vo, 

Smith  (A.  W.)  and  Marx's  Machine  Design. Svo. 

Soiel's  Cartraietingand  Combustion  in  Alocdufl  Engines.    (Woodward  and  Preston). 

Large  i^mo, 

Thurston's  Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics. 

i2mo. 

Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill  Work...  8vo, 

Tillson's  Complete  Automobile  Instructor i6mo, 

mor. 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo, 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo, 

*  Waterbury's  Vest  Pocket  Hand  Book  of  Mathematics  for  Engineers. 

six  si  inches,  mor. 

Weisbach's    Kinematics    and    the    Power    of    Transmission.     (Herrmann — 
Klein) 8vo, 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein). . .  8vo, 

Wood's  Turbines. 8vo, 

MATERIALS   OF   ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo,  7  50 

Church's  Mechanics  of  Engineering 8vo,  6  00 

*  Greene's  Structural  Mechanics 8vo,  2  50 

Holley  and  Ladd's  Anal]rsis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  lamo,  2  50 

Johnson's  Materials  of  Construction. 8vo,  6  00 

Keep's  Cast  Iron 8vo,  2  50 

Lanza's  Applied  Mechanics. 8vo«  7  5a 
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Maire*8  Modern  Pigments  and  thetr  Vehicles izmo,  2  00 

Martens's  Handbook  on  Testing  Materials.     (Henning) Svo.  7  50 

Maurer*8  Technical  Mechanics Svo,  4  00 

Merriman'9  Mechanics  of  Materials Svo,  5  00 

*        Strength  of  Materials * lamo,  x  00 

Metcalf 's  SteeL     A  Manual  for  Steel-users. lamo,  2  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish Svo,  3  00 

Smith's  Materials  of  Machines zamo,  z  00 

Thurston's  Materials  of  Engineering 3  vols.,  Svo,  S  00 

Part  I.       If  on-metallic  Materials  of  Engineering  and  Metallurgy . . .  Svo,  2  00 

Part  II.      Iron  and  Steel Svo,  3  50 

Part  m.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents Svo,  a  50 

Wood's  (De  V.)  Elements  of  Anal]rt!cal  Mechanics Svo.  3  00 

Treatise  on   the   Resistance   of   Materials  and   an  Appendix  on  the 

Preservation  of  Timber Svo,  a  00 

Wood's  (M.  P.)  Rustless  Coatings:   Corrosion  and  Electrolysis  of  Iron  and 

Steel Svo,  4  00 


STEAM-ENGINES  AND  BOILERS. 

Berry's  Temperature-entropy  Diagram zamo,  z  35 

Carnot's  Reflections  on  the  Motive  Power  of  Heat     (Thurston) zamo,  z  50 

Chase's  Art  of  Pattern  Making zamo,  2  50 

Creighton's  Steam-engine  and  other  Ileat-motors Svo,  500 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.. . .  .z6mo,  mor.  5  00 

Ford's  Boiler  Making  for  Boiler  Makers zSmo,  z  00 

Gebhardt's  Steam  Power  Plant  Engineering.     (In  Press.) 

Goss's  Locomotive  Performance Svo,  5  00 

Hemenwair's  Indicator  Practice  and  Steam-engine  Economy zamo,  a  00 

Hutton's  Heat  and  Heat-engines Svo,  5  00 

Mechanical  Engineering  of  Power  Plants Svo,  5  00 

Kent's  Steam  boiler  Economy Svo,  4  00 

Kneass's  Practice  and  Theory  of  the  Injector Svo,  z  50 

MacCord's  Slide-valves Svo,  a  00 

Meyer's  Modem  Locomotive  Construction 4to,  zo  oc 

Moyer's  Steam  Turbines.     (In  Press.) 

Peabody's  Manual  of  the  Steam-engine  Indicator zamo,  z  50 

Tables  of  the  Properties  of  Saturated  Steam  and  Other  Vapors   Svo,  z  00 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines. Svo,  5  00 

Valve-gears  for  Steam-engines Svo,  a  50 

Peabody  and  Miller's  Steam-boilers Svo,  4  00 

Pray's  Twenty  Years  with  the  Indicator Large  Svo,  a  5c 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gaseis  and  Saturated  Vapors. 

(Osterberg) zamo,  z  as 

Reagan's  Locomotives:   Simple,  Compound,  and  Electric.     New  Edition. 

Large  zamo,  3  50 

Sinclair's  Locomotive  Engine  Running  and  Management zamo,  a  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice zamo,  a  50 

Snow's  Steam-boiler  Practice Svo,  3  00 

Spangler's  Notes  on  Thermodynamics zamo,  z  00 

Valve-gears Svo,  a  50 

Spangler,  Greene,  and  Marshall's  Elements  o   Steam-engineering Svo,  3  00 

Thomas's  Steam-turbines Svo,  4  00 

Thurston's  Handbook  oT  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indi- 
cator and  the  Prony  Brake Svo,  5  00 

Handy  Tables Svo,  z  50 

Manual  of  Steam-boilers,  their  resigns.  Construction,  and  Operation..Svo,  5  00 
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Thurston's  HanuAl  of  the  Steam-engine. a  yob.,  8vo,  xo  oo 

Part  L     History*  Structure,  and  Theory Svo,  6  oo 

Part  II.     Design,  Construction,  and  Operation 8vo,  6  oo 

Steam-boiler  Explosions  in  Theory  and  in  Practice zsno,  x  50 

Wehrenfenning's  Analysis  and  Softening  of  Boiler  Feed-water  (Patterson)  8vo,  4  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois) Svo,  5  00 

Whitham's  Steam-engine  Design Svo,  5  00 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigerating  Machines. .  .8vo,  4  00 

MECHANICS  PURE  AlfD  APPLIED. 

Church's  Mechanics  of  Engineering Svo,  6  00 

Notes  and  Examples  in  Mechanics. Svo,  2  00 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools.  .lamo,  i  50 

Du  Bois's  Elementary  Principles  of  Mechanics: 

VoL     L     Kinematics Svo,  350 

VoL    II.     Statics Svo,  4  00 

Mechanics  of  Engineering.     VoL    I Small  4to,  7  50 

VoU  IL Small  4to,  10  00 

NGreene's  Structural  Mechanics. Svo,  a  50 

James's  Elinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

^  Large  X2mo,    2  00 

*  Johnson's  (W.  W.)  Theoretical  Mechanics zamo,    3  00 

Lanza's  Applied  Mechanics. Svo,    7  50 

*  Martin's  Text  Book  on  Mechanics,  Vol.  I,  Statics X2mo,     i  25 

*  Vol.  2,  Kinematics  and  Kinetics  .  .z2mo,    l  50 
Bfaurer's  Technical  Mechanics Svo,    4  00 

*  Merriman's  Elements  of  Mechanics zamo,    z  00 

Mechanics  of  Materials Svo,  5  00 

*  Micbie's  Blements  of  Analytical  Mechanics Svo,  4  00 

Robinson's  Principles  of  Mechanism Svo,  3  00 

Sanborn's  Mechanics  Problems Large  zamo,  z  50 

Schwamb  and  Merrill's  Elements  of  Mechanism. Svo,  3  00 

Wood's  Elements  of  Analytical  Mechanics 8vo,  3  00 

Principles  of  Elementary  Mechanics. zamo,    i  as 

MEDICAL. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty  Lectures.   (Hall  and  Defren) 

Svo, 
von  Behring's  Suppression  of  Tuberculosis.     (Bolduan) zamo, 

*  Bolduan's  Immune  Sera zamo, 

Davenport's  Statistical  Methods  with  Special  Reference  to  Biological  Varia- 
tions  1 6mo,  mor. 

Ehrlich's  Collected  Studies  on  Immunity.     (Bolduan) Svo, 

*  Fischer's  Physiology  of  Alimentation Large  zamo,  doth, 

de  Fursac's  Manual  of  Psychiatry.     (Rosano£f  and  Collins) Large  zamo, 

Hammarsten's  Text-book  on  Physiological  Chemistry.     (Mandel) Svo, 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Cheiziistry.  ..Svo, 

Lassar-Cohn's  Practical  Urinary  Analysis.     (Lorenz) zamo, 

Mandel's  Hand  Book  for  the  Bio-Chemical  Laboratory zamo, 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer) zamo, 

^  Pozzi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (CU>hn) zamo, 

Rostoski's  Serum  Diagnosis.     (Bolduan) zamo, 

Ruddiman's  Incompatibilities  in  Prescriptions Svo, 

Whys  in  Pharmacy zamo, 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorff) Svo, 

*  Satterlee's  Outlines  of  Human  Embryology zamo, 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students ttvo, 
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Steel's  Treatise  on  the  Diseases  of  the  Dog 8vo,  3  50 

♦  Whipple's  Typhoid  Fever Large  X2ino,  3  00 

Woodhull's  Notes  on  Military  Hygiene x6mo»  x  50 

♦  Personal  Hygiene xamo,  i  00 

Worcester  and  Atkinson's  Small  Hospitals  Establishment  and  Maintenance, 

and  S  ggestions  for  Hospital  Architecture,  with  Plans  for  a  Small 

Hospital xamo,  z  25 

METALLURGY. 

Betts's  Lead  Refining  by  Electrolysis 8vo,    4  00 

BoUand's  Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  Used 

in  the  Practice  of  Moulding i2mo, 

Iron  Founder i2mo, 

"  "        Supplement i2mo, 

Douglas's  Untechnlcal  Addresses  on  Technical  Subjects i2mo, 

Goesel's  Minerals  and  Metals:  A  Reference  Book x6mo,  mor. 

♦  Iles's  Lead-smelting x2mo, 

Keep's  Cast  Iron 8vo, 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess)  x  2mo, 

Metcalfe  Steel.    A  Manual  for  Steel-users x2mo. 

Miller's  Cyanide  Process i2mo, 

Minet's  Production  of  Aluminium  and  its^Industrial  Use.    (Waldo\ . .  .i2mo, 

Robipe  and  Lenglen's  Cyanide  Industry.     (Le  Clero 8vo, 

Ruer's  Elements  of  Metallography.     (Mathewson)     (In  Press.) 

Smith'::  Materials  of  Machines x2mo. 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo, 

Part  I.        Non-metallic  Materials  of  Engineering  and  Metallurgy .  . .  8vo, 

Part  U.       Iron  and  SteeL 8vo, 

Part  HL     A  Treatise  on  Brrsses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo, 

Ulke's  Modem  filectrolytic  Copper«Refining 8vo, 

Wesfs  American  Foundry  Practice X2mo, 

Moulder's  T^xt  Book    x2mo, 

Wilson's  Chlorinatibn  Process x2mo, 

Cyanide  Processes x^mo, 

MINERALOGY. 

Barringer's  Description  of  Minerals  of  Commercial  Value Oblong,  mor.  2  50 

Boyd's  Resources  of  Southwest  Virginia 8vo,  3  00 

Boyd's  Map  of  Southwest  Virginia. Pocket-book  form.  2  00 

♦  Browning's  Introduction  to  the  Rarer  Elements 8vo,  i  50 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield) 8vo,  4  00 

Butler's  Pocket  Hand-Book  of  Minerals i6mo,  mor.  3  00 

Chester's  Catalogue  of  Minerals 8vo,  paper,  x  00 

Cloth,    X  25 

♦  Crane's  Gold  and  Silver 8vo,     5  00 

Dana's  First  Appendix  to  Dana's  New  "  System  of  Mineralogy. ." . .  Large  8vo,    x  00 

Manual  of  Mineralogy  and  Petrography i2mo  2  00 

Minerals  and  How  to  Study  Them x2mo,  x  50 

System  of  Mineralogy I^«e  8^0,  half  leather,  X2  50 

Text-book  of  Mineralogy 8vo,  4  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects i2mo,  x  00 

Eakle's  Mineral  Tables 8vo,  i  25 

Stone  and  Clay  Products  Used  in  Engineering.     ( In  Preparation.) 

E'^leston's  Catalogue  of  Minerals  and  Synonyms 8vo,  2  50 

Goesel's  Minerals  and  Metals :     A  Reference  Book x6mo.  mor.  3  00 

Groth's  Introduction  to  Cheniical  Crystallography  (Marshall) x2mo,  x  25 
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^Iddlngt's  Rock  Hinenls 870, 

Jtfhannawi's  Detennination  of  Roek-fofming  MinAmia  in  Thin  Sections Sto, 

*  Martin's  Laboratory  Guide  to  QualiUtive  Analysis  with  the  Blowpipe,  xamo, 
MerrilTs  Non-metallic  Minerals;  Tlieir  Occurrence  and  Uses 8yo, 

Stones  for  Building  and  Decoration 8vo, 

*  Penfield's  Notes  on  DeterminatiTe  Iflneralogy  and  Record  of  Mineral  Ttsts. 

Svo,  paper. 

Tables  of   Misexals,   TncladJiig  tlie  Use  of  MiwaniiM  and  Statistics  of 
Domestic  Prodnction Svo, 

*  Piisson's  Rocks  and  Rock  Minerals ximo, 

*  Richards's  Synopsis  of  Mineral  Characters. zamo.  mor. 

*  Ries's  Clays:  Their  Occurrence,  Properties,  and  Uses^ Svo, 

*  Tillman's  Teat-book  of  Important  Minerals  and  Rocks. Svo. 

MINING. 

*  Beaid's  Mine  Gases  and  Explosions Larse  xamo. 

Boyd's  Map  of  Southwest  Viiginia.   Pocket-ooox  rorm 

Resources  of  Southwest  Virginia 8vOf 

*  Crane's  Gold  and  Silver    Svo, 

Douglas's  Untechnical  Addresses  on  Technical  Subjects. 12 mo 

Eissler's  T^odem  High  Explosives. Svo, 

Goesel's  Minerals  and  Metals :    A  Reference  Book z6mo,  mor. 

Ihlseng's  Manual  of  Mining Svo, 

*  Iles's  Lead-smehing zamo. 

Miller's  Cyanide  Process. x2mo, 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo, 

Peele's  Compressed  Air  Plant  for  Mines Svo, 

Riemer '  s  Shaft  Sinking  Under  Difdcult  Conditions .     ( Coming  and  Peele) . . .  8vo , 
Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc) Svo, 

*  Weaver's  Military  Explosives Svo, 

Wilson's  Chlorination  Process xamo, 

Cyanide  Processes i2mo, 

Hydraulic  and  Placer  Mining.     2d  edition,  rewritten Z2mo, 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation 12 mo. 

SANITARY  SCIENCE. 

Association  of  State  and  National  Food  and  Dairy  Departments,  Hartford  Meeting, 

X906 Svo, 

Jamestown  Meeting,  1907 Svo. 

*  Bashore's  Outlines  of  Practical  SaiLitation x2mo, 

Sanitation  of  a  Country  House X2mo. 

Sanitation  of  Recreation  Camps  and  Parks X2mo, 

Folwell's  Sewerage.     (Designing.  Construction,  and  ISaintenance; Svo. 

Water-supply  Engineering Svo, 

Fowler's  Sewage  Works  Analyses ^mo. 

Fuertes's  Water-filtration  Works. x2mo. 

Water  and  Public  Health X2mo. 

Gerhard's  Guide  to  Sanitary  House-inspection x6mo, 

*  Modem  Baths  and  Bath  Houses Svo. 

Sanitation  of  Public  Buildings i2mo. 

Hazen'8  Clean  Water  and  How  to  Get  It Large  i2mo. 

Filtration  of  Public  Water-suppUes. Svo, 

Kinnicut,  Winslow  and  Pratt's  Purification  of  Sewage.     (In  Press.) 

Leach's  Inspection  and   Analysis  of  Food  with  Special  Reference  to  State 

Control Svo, 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological) xamo. 

Water-supply.  (Considered  Principally  from  a  Sanitary  Standpoint) . .  Svo, 
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*  Merriman's  Elemeatt  of  Sanitary  Bngineerinc 8to. 

Ogden's  Sewer  Desicn. zamo, 

Panons's  Disposal  of  Municipal  Refose Sro, 

Preacott  and  Winslow'a  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis. lamo^ 

*  Price's  Handbook  on  Sanitation. lamo, 

Richards's  Cost  of  Food.    A  Study  in  Dietaries x2mo, 

Cost  of  Living  as  Modified  by  Sanitary  Science lamo. 

Cost  of  Shelter lamo, 

*  Richards  and  WUUams's  Dietary  Computer Svo, 

Richards  and  Woodman's .  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point   8to, 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo, 

Sewage  and  Bacterial  Purification  of  Sewage Svo, 

Soper's  Air  and  Ventilation  of  Subways Large  xamo, 

Tumeaure  and  Russell's  Public  Water-supplies Svo, 

VenaUe's  Gaibage  Crematories  in  America Svo, 

Method  and  Devices  fin-  Bacterial  Treatment  of  Sewage Svo, 

Ward  and  Whipple ' s  Freshwater  Biology .    (In  Press. ) 

Whipple's  Microscopy  of  Drinking-water 8vo^ 

*  Typhod  Fever. Large  zamo. 

Value  of  Pure  Water Large  lamo, 

Winslow's  Bacterial  Classification.     (In  Press.) 

Winton's  Microscopy  of  Vegetable  Foods. Svo,    7  50 

MISCELLANEOUS. 

Emmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists. Xarf  e  8vo^  z  50 

Ferrei's  Popular  Treatise  on  tiie  Winds. Svo,  4  00 

Fitzgerald's  Boston  Machinist x8mo,  z  00 

Gannett's  Statistical  Abstract  of  the  World 24mo,  75 

Haines's  American  Railway  Management xamo,  a  50 

*  Hanns^'s  The  Ificroecopy  of  Technical  Products.    (Winton) Svo,  5  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute  1834-1894. 

Large  xamo^  3  00 

Rotherham's  Emphasized  New  Testament Large  Svo,  a  00 

Standage's  Decoration  of  Wood,  Glass,  Metal,  etc lamo,  a  00 

Thome's  Structural  and  Physiological  Botany.    (Bennett) x6mo,  a  as 

Westermaier's  Compendium  of  General  Botany.    (Schneider) Svo,  a  00 

Winslow's  Elements  of  Applied  Microscopy lair  ■>,  1  50 


HEBREW  AND  CHALDEE  TEXT-BOOKS. 

Green's  Elementary  Hebrew  Grammar xamo,    z  as 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scr  ptures. 

(Tregelles) Small  4to,  half  mor.    5  00 
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